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Some Remarks an obtaining Photographs of Microscopic 
Objects, and on the Coincidence of the Chemical and 
Visual Foci of the Object Glasses. By F. H. Wenham. 

(Read November 22nd, 1854.) 

In this communication it is not my intention to give a detailed 
description of the well-known methods of obtaining micro- 
photographs, which have already been explained in the papers 
of Messrs Delves, Shadbolt, and others, but merely to point 
out a remedy for some of the difficulties that have hitherto 
been connected with the process. 

The main points in this paper were read at the last meeting 
of the British Association for the Advancement of Science, at 
Liverpool, but I have thought it proper to bring them forward 
again, as I believe that the principal number of those who 
have entered into the practice of this department of photo- 
graphy are members of the Microscopical Society. 

As it is now upwards of two years since the announcement 
was first made, and from the few specimens that have been 
produced since that period (many of which are in the hands 
of our Society), it may fairly be assumed that the practice of 
microscopic photography has not become by any means uni- 
versal, and, in fact, there are some amongst us who doubt 
whether the art can ever be usefully applied, or prove a sub- 
stitute for the camera lucida» I should regret to see this 
application of the microscope abandoned, while it is still 
imder the march, of improvement, and while science can 
furnish us with new facts to facilitate the process. The con- 
clusion that I have arrived at, derived from my own practice, 
is, that it is in general both easy with respect to manipulation, 
rapid in production, and faithful in delineation, and I have a 
favourable opinion of its utility. There are some exceptional 
cases, which I shall notice. How far the specimens that I 
herewith present to the Society will bear me out in this assur- 
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2 Wenhab*, on Microscopic Photography. 

ance, others will probably he better able to judge than myself. 
I have not worked at it with sufficient diligence to make a 
choice selection, but have taken them as they came. I should 
judge that the whole of them, to the number of twenty-two, 
had occupied about six hours of sunlight, of course including 
some failures. 

If the photographs are intended for illustration, it is re- 
quisite that they should each be included in a given space. 
The position of the sensitive surface must in consequence be 
made to vary, more or less, for every different object, accord- 
ing to its size. A range of from five to ten feet is oftentimes 
required. A box of this length is both inconvenient and 
cumbrous, and it is a matter of some difficulty to get access to 
the furthest end for the purpose of focussing the object accu- 
rately. For these and other reasons, I have altogether aban- 
doned the use of the microscope camera, and given the 
preference to the method herein described. 

In the first place, it may be proper to offer a few remarks 
on the subject of the illuminating source, as I have tried many 
experiments with the view of obtaining an artificial light suit- 
able for photographic purposes. A light may appear strongly 
luminous, and yet possess but a feeble degree of photographic 
intensity ; and I have not yet succeeded in producing a satisfac- 
tory result from either gas, oil, or camphine lamps. Burning 
phosphorus will give a more rapid impression, but its use is 
both inconvenient and expensive. Fine zinc turnings, burnt in 
atmospheric air, equal or surpass this ; a ball of about three* 
quarters of an inch in diameter will last a sufficient time to 
give a distinct impression. As it is of no consequence whether 
the light is intermittent or not, I have produced an image 
from a succession of electric sparks, arising from the spon^ 
taneous discharge of a small Ley den jar, containing about thirty 
inches of coated surface, the discharging knobs being placed 
in the axis of the lenses for condensing the light upon the 
object. The electric spark contains a large proportion of the 
actinic rays ; I found that about one hundred discharges pro- 
duced a good impression. The electric light between charcoal 
points I have not yet tried. In a few instances I have used 
the hydro-oxygen, or lime light, but I consider that it does 
not possess that degree of actinic intensity which its brilliancy 
and appearance would seem to indicate. 

It has been proved that the two latter may be successfully 
applied for obtaining photographic impressions, but they are 
both troublesome and too much out of the way of the micro* 
scopist to be generally useful. 

1 have merely mentioned these experiments with the view 
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of recording them for the guidance of other experimentalists, 
for I have a strong belief that such an investigation may end 
in a useful result. There can be no doubt that it is a desi- 
deratum to discover a composition for a photographic fusie^ so 
to term it, that will bum for a sufficient period of time, and 
with the requisite actinic intensity for^ obtaining, not only 
microscopic impressions, but also nocturnal, or underground 
photographs. I trust, therefore, that this subject may be taken 
in hand by some one more practically conversant with the 
details of pyrotechnic chemistry than myself. 

There is no light that has hitherto been found that will give 
results at all equal to those to be obtained by the use of sun- 
light. The method that I have adopted for applying it, is simply 
to use the ordinary table microscope as a solar one. A room is 
selected, to the window of which sunlight must have free 
access ; this is closed by a shutter, having an aperture at the 
lower end of about three inches in diameter ; below this is 
placed a level table or bench at a convenient height, so that 
when the microscope body is in a horizontal position, its axis 
may coincide with the centre of the aperture in the shutter. 
Outside the latter is fixed a solar reflector, which may be 
adjusted from the inside, or more simply through a sleeve 
fastened around a hole in the shutter ; in this case the mirror 
may be mounted entirely in a wooden frame. 

With this arrangement the course of proceeding is as fol- 
lows : having clamped and adjusted the object on the stage 
of the microscope, place it horizontally against the aperture 
in the shutter, remove the eye-piece, and throw sunlight 
through the object by means of the solar reflector ; lay a black 
doth around the microscope so as to stop out all extraneous 
light ; then, by properly focussing, a distinct image may be 
obtained upon a paper screen held at various distances. 

The stand for supporting the collodion plate consists of a 
vertical piece of board with a heavy base ; the excited plate 
is held on to this by means of two undercut fillets at right- 
angles to each other. The stand may be set at various dis- 
tances along the horizontal bench, which also serves as a 
support for the microscope. 

The operation of taking the photograph is, first to adjust the 
mirror for light, and then to focus the image on a card placed 
in the plane of the collodion surface ; next remove the card and 
lay it against the body of the microscope, so as to stop off all 
light ; then drop the sensitive plate into its place, snatch the 
card away, and quickly replace it again, so as to let the image 
of the object fall upon the plate : a fraction of a second is 
oftentimes sufficient. I prefer a rather slow collodi<Hi, and if 
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4 W£NHAM, Oil Microscopic Pliotography* 

the weather is warm develop with a half-grain solution of 
pyrogallic acid. 

For the lowest powers, it is oftentimes not necessary to use 
any arrangement for condensing the sunlight upon the object, 
the simple reflection from the plane mirror being sufficient; 
but the half-inch object-glass, and upwards, requires a bulFs- 
eye lens of about three inches in diameter. If the objects are 
small and delicate, such as the DiatomcuxcB^ the achromatic 
condenser must be used in combination. I should mention 
that a piece of yellow glass must be let into the upper 
portion of the shutter, transmitting enough light to manipu- 
late by. 

Having briefly described the method of operating, I will 
state what I consider to be its peculiar advantages. The 
object is focussed with great facility and certainty. We are, 
in some cases, enabled to obtain an impression of an object 
mounted so as to be out of a flat plane ; in some instances, by 
the convenience afibrded for inclining the sensitive plate at 
every angle relative to the optic axis, and in others by focus- 
sing two or more separate times. For example, suppose the 
object to be a Fly's foot, one of the pads of which lies in a 
lower plane, and is consequently out of focus ; while the im- 
pression of the first half is being taken, the next which is out 
of focus can be stopped off with a card ; the second focus is 
then taken, and the first impressed portion of the object ob- 
scured : thus by a diversified series of paper stops, we may 
approximately represent the entire form of an object, the 
whole of which cannot be seen, except by a series of three or 
four focal adjustments. 

A very great number of microscopic preparations are so 
organized as to be composed of parts which require different 
periods of exposure to produce a perfect impression ; some 
parts will be barely defined, while others are utterly solarised 
and lost from over exposure. The method that I have ex- 
plained affords especial facilities for stopping off the most 
tender portions. 

As it is requisite for the purpose of ensuring quick and 
accurate focussing, together with the most distinct impressions, 
that the actinic and visual ^bct of the objective should be coin- 
cident, I give the result of my investigations on this point. 
For the highest powers the difference is sometimes so small as 
to render the correction a matter of trifling importance ; but 
with the i inch, 1 inch and 1^ inch, the distance is very 
considerable; in fact, the more perfect the object-glass for 
microscopic purposes, the less is it suited for a photographic 
lens. The object-glasses are invariably what is technically 
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termed ^^ over corrected ;'' for the point of convei^ence of the 
chemical rays near the most refrangible or blue end of the 
spectrum, lies beyond the visual focus. I have an objective 
correcHsd specially for these rays, and though perfect for pho- 
tographic purposes, yet on account of its being non-achromatic, 
it is unsuited for microscopic investigation. 

The simplest and cheapest way of producing the required 
degree of ^^ under correction," is to screw a biconvex lens into 
the place of the back stop of the object-glass, acting as part 
of its optical combination For Smith and Beck's 1^ inch, I 
have used a lens of 8 inches focus, and for the 2-3rd, one of 
5 inches, which also serves for the 4-lOth inch ; these bring 
back the actinic to the exact position of the visual focus. 
The combination used as an objective shows some colour, but 
the additional lens does not affect the spherical correction to 
any material extent, and the increase of distinctness in the 
photographs obtained by means of the application of this 
additional lens is most striking. 

It must not be supposed that the focal lengths that I have 
here given of the correcting lenses will in all instances serve 
for the objectives above named, for the correction will probably 
require a lens of a different focus for every different object- 
glass ; it is, perhaps, best to be provided with several of them, 
as their cost is but trifling. Those that I have made use ojf 
have been selected from ordinary spectacle lenses, most care* 
fully centered and turned down to the required size. 

Some remarks have been published on the possibility of 
obtaining stereoscopic pictures of microscopic objects by 
means of the ^' binocular microscope," but the ordinary in- 
strument will answer every purpose without any optical 
addition whatever, for it has been shown* that if the object 
itself be viewed alternately with the right and left half of the 
object-glass without any altering of its position, the difference 
in form of the resulting images assimilates to the effect of a 
different angle of vision ; and if two photographs of the object 
obtained by the separate halves of the object-glass be placed 
in the stereoscope, they will give an appearance of solidity 
to the object The only addition that is required to produce 
this effect is to fix a sliding stop close behind the objective, 
having straight edges that will cut off either the right or left 
hand sides ; a photographic impression being taken at the two 
extremes. If the object-glass be one of considerable aperture, 
about one-third only of the diameter may be cut on, which 
will be sufficient to give the difference of form required for the 
stereoscopic image. 

* * Quarterly Journal of Microscopical Science/ for July, 1853. 
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It is mof t remarkable how an impression of the finest details 
of an object, or the markings on even the most difficolt tests, 
may be obtained bj means of the photographic microscope, 
and so definitely that I have used it for proving their struc* 
ture.* 

The application of photography to the delineation of 
microscopic objects is somewhat limited, not by any diffi- 
culties or defects in the process, but by occasional peculiarities 
of colour, or transparency in the objects themselves. Many 
insect, animal, and vegetable structures, though sufficiently 
transparent to the eye, are absolutely opaque to the actinic 
rays. I possess a specimen of a parasitic insect of a dark red 
tinge, and in which a splendid internal tracheal system can 
be discerned. I have tried every means of obtaining a pho- 
tographic representation of this, but without success. With 
all periods of exposure the object appears as a mere blank 
space, or like a hole cut in a sheet of paper. Until further 
discoveries have removed these difficulties, the application 
of microphotography must be to some extent restricted, as 
many objects are for this reason excluded. All structures 
dependent upon outline or opacity, such as sections of bone 
and wood, vegetable fibres, &c., may be delineated with ease 
and certainty. 

In conclusion, I will enumerate the peculiar advantages of 
my method : first, the use of the ordinary microscope as a 
solar one, a dark room serving as a substitute for a camera ; 
the additional apparatus required will cost but a few shillings. 
Second, the method of obtaining the combination of the che- 
mical and visual focij which I have found to be of great 
practical utility ; third, the mode of obscuring for a time the 
parts of the object either easily solarised and lost, or out of 
focus. I have not advanced these as mere speculations, but 
have submitted them successfully to the test of repeated trial. 
I may also remark that when sunlight is to be obtained, I 
have found the practice of microscopic photography to be one 
of particular certainty, for unlike other branches, the con- 
ditions of light are so favourable and definite, that an impres- 
sion may always be obtained ; and though the present state of 
the science in this department is admitted to be imperfect, 
yet there can be no question that it is still progressive, 

* Within the last few days I have succeeded in obtaining a photo- 
graphic impression of the P. angulcUum, magnified about fifteen thousand * 
diameters, showing the configuration of the markings perfectly black and 
distinct in a far greater degree than we can ever hope to see them through 
the compound microscope ; and it is my opinion, that if ever the structure 
of these difficult tests is to be proved it will be by the aid of photography. 
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and in my proposals for removing some of the defects of pre- 
vious methods, I venture to hope that the results may here- 
after show that I have contributed my mite towards the 
advancement of the art. 



On the Discovery of Parasitic Borings in Fossil Fish- 
scales. By C. B. Rose, F.G.S., &c. 

(Read Jane 28th, 1854.) 

The subject of the communication which I bring before the 
Microscopical Society, through the favour of my friend Pro- 
fessor Quekett, is the discovery of parasitical borings within 
the delicate structure of fossil fish-scales. 

The history of my detection of these workings is as follows : 
— ^In the winter of 1851, when examining fossil fish-scales 
from the chalk strata of this neighbourhood, it struck me — 
as many of them were thin and translucent, particularly those 
of cycloid fishes — that they might make interesting micro- 
scopic objects ; and I sent up to Norman, in the City Road — 
a well-known preparer of specimens for the microscope — a 
small piece of chalk with scales adhering to it, requesting him 
to put a few upon glasses for me. In consequence of their 
thinness and brittle texture, he succeeded in affixing a por- 
tion of two scales only. Upon examining them, I observed 
that one of them exhibited elegant arborizations, extending 
over a large portion of the scale ; in the other scale no such 
branching figures were visible ; nothing, indeed, was seen 
but a yellowish, translucent substance, traversed by equidis- 
tant lines, evidently the lines of growth ; similar lines were 
also seen traversing the portion of scale containing the beau, 
tiful arborizations. (See Plate I., fig. 1.) 

I at first thought the ramifications were on the surface of 
the scale, and imagined they might be minute coralloid bodies ; 
but upon applying to them a power of l-8th, I became satis- 
fied that they were tubes of some kind within the texture of 
the scale ; and by varying the focus, and passing in review 
different parts of the scale, I ascertained that they were situ- 
ated between its laminae. Still, I could not conceive their 
origin ; for I was convinced they had nothing to do with the 
natural structure of the scale, from there being nothing of the 
kind to be seen in the other scale, and both of them cycloid 
scales (Osmeroides ?), 

Not very long after meeting with this interesting specimen, 
I was so fortunate as to receive from Mr. Wetherell, of High- 
gate, a paper, published in the ' Annals of Natural History,' 
by Mr. Morris, oJi Kensington, entitled '* Palaeontological 
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Notes/' in which he described, under the name of Talpina, 
branching bodies, or rather the casts of branching tabes, met 
with in the Belemnite from the upper chalk, adding also ex- 
cellent lithographed figures of them. On the perusal of this 
paper, and inspection of the illustrations, I was instantly 
satisfied that the ramifying tubes I had found in the fish- 
scales were of the same nature as those met with in Belem- 
nites,* although the former are so much more delicate than 
the latter. 

The illustrations accompanying this communication will 
afford you a better idea of the course and oonfiguraticm of 
these borings than any description which I can give ; still, I 
may say, that they proceed between the delicate laminae of 
the scale in a graceful curve to their extremities, branching 
off on either side, and terminating in a symmetrically-formed 
dilatation or cell, and they do not frequently inoscolate. The 
beginnings of the tubes are occasionsdly confluent, as seen in 
fig. 1 a, at c ; in other instances they commence solitarily, and 
the parasite, having formed a few lateral branches, has appa- 
rently terminated its labours abruptly. It seems, also, that it 
has sometimes passed from one lamina into another; thus 
taking a transverse direction, or one perpendicular to the 
laminae, which is made manifest by the microscope, now and 
then detecting a transverse section of a bore. Fig. 1 a ex- 
hibits a detached fragment of the original specimen; viz., 
the one in which the borings were first discovered ; upon it 
the lines of growth are well marked. 

The discovery of the above interesting fact led me to the 
examination of fossil scales from other fishes, and the next I 
selected were the scales of Prionolepis angustus, d^garurid fish, 
from the lower chalk. I was not long in meeting with the 
depredations of its parasite ; but, you will observe, on ex- 
amining fig. 3, that its operations are of a very difierent 
character to those in the osmerotd scale exhibited in fig. 1 ; 
for, in this instance, the tubes proceed in a slightly wavy 
form, with the lateral branches passing off at a consider- 
able angle, and occasionally at right angles ; they extend also 
to a greater length than those in the first specimen ; still, there 
cannot be a doubt of their having a similar origin/ 

Proceeding with my researches, I took another scale from 
the lower chalk, of a thicker substance, therefore, possibly 
from a plaarid fish, but being a very imperfect specimen 1 
cannot say which it is, ganoid or placoid ; it is, at feast, from 
a different genus to Prionolepis. Here, again, I met with 

* It is singular that no traces of them have been oheerved in the 
Belemuites of the Jurasfiic series. — Von Hagenow. 
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borings, and so greatly resembling those in the last-examined 
scale (fig. 3), I must, therefore, consider its parasite but a 
variety of the one which infested that scale. This specimen 
is represented by fig. 4 ; the decussating lines shown are 
probably markings peculiar to that kind of scale. 

Pursuing this interesting inquiry, I next took a scale found 
in the shale of the Kimmeridge clay, and in it I met with 
another form of the parasitic workings ; for, in the first 
place, they are of a larger calibre, and their form is more 
decidedly dichotomous. See fig. 5. The figures ^ven from 
this scale clearly show that the parasite inhabited layers 
deeper than the external one ; indeed, this circumstance was 
manifest in some of my first specimens. With the view 
ai determining whether similar depredations are committed 
upon the scales of living fishes, I have carefully examined 
numerous scales of several different marine and fresh-water 
fishes ; and I have not met with a vestige of borings of any 
kind in a single instance. 

To what form of organism, vegetable or animal, are we to 
attribute these remarkable operations ? We are, I am aware, 
fully cx>gnizant of the invasion of recent corals, shells, and 
bones, by boring sponges (Clionae) and ConfervEe.* But those 
intruders, although comparatively small, have their workings 
in most cases visible to the unassisted eye ; whereas, in the 
instances which I have brought before you, most of them 
require a magnifying power of ] -4th to enable us to trace 
their course with any degree of distinctness. In my first 
specimen (fig. 1, Plate I.), the borings of which I took great 
pains to measure, I estimated their calibre at about one 
2-lOOOth to 4-lOOOth of an inch. 

I learn from Mr. Morris's paper, before referred to, that 
M. von Hagenow has, under the name of Talpina, *^ arranged 
certain problematical branching bodies, which traverse the 
spathose guard of the Belemnite, and whose position in the 
animal kingdom has not been defined, whether as belonging 
to the Annelides or to the boring-sponges." From the mi- 
nuteness of the agent effecting the borings within the fish- 
scales, I am more disposed to attribute them to the operations 
of infusorial parasites, rather than to the growth of sponges or 
oonfervae ; particularly when I consider that the ocean de- 
positing the calcareous mud must have been the habitat of 
myriads of Infusoria of infinitesimal calibre, f 

* See Profee^r Qnekett's Lectures on the Histology of Animals, vol. ii. 
pp. 42, 153, &c. 

t Since reading the above paper, I have found abundance of borings in 
a scale from the mud of the river Oran, in Algeria. — C. B. B. 
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On a Remarkable Group of Diatomaceou8 Forms, with 
Remarks on Shape or Outline as a Specific Character 
in the Diatomace^. Bj William Gregory, M.D., 
F.R.S.E., Professor of Chemistry. 

(Read October 28th, 1854.) 
About a year ago I first noticed, in a gathering from Dud- 
dingston Loch, a Navicula of nearly an oval form, with broad, 
obtuse apices, which differed from all the Naviculs known to 
me. The striation was peculiar and strongly marked, the 
striae being about 16 in '001", highly inclined everywhere, 
except just about the middle, where the inclined striae seemed 
to decussate, leaving, of course, a triangular space on each 
side of the centre, while in these triangular spaces the striae 
were parallel and transverse. This arrangement, as we shall 
see, occurs in several species of Navicula and-Pinnularia. 

The form here alluded to was referred to different species, 
and even to different genera, by different friends whom I con- 
sulted ; some regarding it as a form of Navicula semen^ while 
others supposed it to be related to Pinnularia gracilis^ or to 
P. radiosa. But its aspect was totally distinct from that of 
the species named, which, moreover, all have from 24 to 26 
striae in -001". 

Meantime other forms occurred, with the same number 
and arrangement of the striae, and with the same peculiar 
aspect, but of different outline. Some were nearly rhombic, 
short, and rather broad ; some were longer, also nearly rhom- 
bic, but with a contraction and subsequent expansion at the 
apices, thus becoming more or less subcapitate. Others were 
nearly linear, with obtuse ends ; others linear and subcapitate. 
Some were found with nearly straight sides, and acuminate, 
ending in small apiculi ; while others had curved sides, con- 
tracted to narrow and produced ends. In some cases these 
produced ends terminated in round knobs ; in others in acute 
points. Some again had straight sides, with contracted ends 
terminating in round heads. 

In the whole of the forms now mentioned, I observed the 
same characters, the same number and arrangement of the 
striae, and the same aspect. On examination it appeared that 
the striae were really moniliform, though not obviously so to 
the eye, having rather a smooth soft aspect than any appear- 
ance of granulation. 

During the whole year new forms, agreeing with those 
already mentioned in every point but that of outline, were 
from time to time observed. In another Duddingston Loch 
gathering, I found in abundance a very fine one, accompanied 
by others, such as those represented in figs. 1, 18, 28, PI. II. 
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In a gathering from the vicinity of Oban I found several ; 
one very near the original oval form, but with flattened apices, 
and a slight tendency to constriction just within them. These 
last, which closely resemble Pinnularia obhnga^ shortened, 
and rather broader in proportion, are frequent in a Norfolk 
gathering sent me by Mr. Bleakley, in which occur also 
several, others. 

The Oban gathering contains also various other forms of 
this group, one of which has precisely the form and size of 
Pinntilaria acuta, and as that species occurs along with it, the 
two forms are easily compared and distinguished. Here also 
4>ccur forms approaching nearly to that of Pinntilaria pere^ 
grituZy although in a purely fresh-water gathering. 

In another similar gathering from a bog in Ayrshire, there 
is abimdance of a form not to be distinguished from P. pere^ 
prina, along with others of the outline of P. acuta^ P. radiosa^ 
&c. 

I now began to suspect that these forms might all belong to 
one species, for on close inspection I found a very large num* 
ber of intermediate or transition forms. I, therefore, named 
the supposed type Navicula varians^ and continued to search 
for its modifications. 

In the Glenshira sand, although not very abundant, it ex* 
hibits all the forms as yet enumerated, but chiefly those which 
have an outline allied to that of Pirmularia gramlis^ but twice 
or thrice as large, and to that of P. peregrina. These forms 
and several others I have since found abundantly in the recent 
mud or sand deposited by the Dhu Loch, near the mouth of 
the Glenshira, the lake which when at a higher level in the 
valley, deposited the Glenshira sand described in the last 
number of this Journal. 

Having received from the Rev. Professor Smith, in Sep- 
tember, a slide, of fresh-water origin, in which Navicula 
variansy of the type of Pinnularia peregrinaj was very abun- 
dant, I begged Mr. Smith to examine the form, which he 
found, as in all the other types of N. varians which he had 
seen, to have moniliform strise. He then extended the inquiry 
to the typical Pinntilaria per^frina^ Biid found that it also had, 
at all events in many instances, moniliform strise. From this, 
I concluded, that in all probability Pinnularia peregrina was 
at all times only a type of iV. varians. 1 believe Mr. Smith 
intends to change the generic name o( P. peregrina to Navicula. 

It seems to me in the highest degree probable, that Pinnu- 
laria oblonga is nothing else than another type of N, varians. 
For the form (fig. 1) does not differ from P. oblonga^ except 
in length,, every other detail being identical in the two forms ; 
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and altboufa^h I cannot say that I have seen the monilifonn 
character ojf the striae either in fig. 1, or in P. obhnga^ I believe 
that this has been seen in the former. If so, any one who 
compares the two forms which occur together, both in the 
Oban gathering, and in Mr. Bleakley's gathering from Norfolk, 
will see that the latter can hardly fail to exhibit the same 
character. I have not myself been able as yet to attempt the 
resolution of these striae with any refinement of appliances, 
and therefore I must leave this point for future examination. 

I have still to notice one more type, which I firet observed 
in a gathering from Lochleven, where it is very scarce, but 
which is frequent in a second and distinct gathering of Mr. 
Bleakley's from Norfolk. It is rather small, and either of a 
short and very broad oval form, or absolutely discoid, but has 
all the characters of the group. It is seen in fig. 17. At first 
I supposed it to be distinct, but I have since been led to 
suspect that it is only a form of the group I have described. 
This, however, is by no means certain. On the one hand, 
it seems to be certainly a Navicula, although in this point of 
view its orbicular form is very remarkable. It also varies to 
ovals of different proportions, and it has exactly the striation 
of the first observed form of N. varians (fig. 25), to which, 
indeed, in shape, the oval varieties approach very closely. 
On the other hand its variations are, so far as I have yet seen, 
confined within rather narrow limits ; and its form is so striking, 
that I had named it at one time Navicula orbicularis. Since 
the preceding sentences were written, I have been informed 
that this species was some time since named by Mr. Smith 
Navicula scutelloides. So far as I know, it has only occurred 
as yet in the two localities I have mentioned ; namely, Norfolk 
and Lochleven. 

We have now mentioned most of the observed types of N. 
varianSy so far, at least, as they present the characteristic stria- 
tion and aspect ; and although all the forms I have named 
may not be found to belong to it, yet it appears that there 
exists a large group, characterised by a very peculiar aspect 
and striation, the number of striae varying only from about 14 
in '001" in the larger to 18 in "OOl" in the smaller forms, 
the usual number being 16. 

This group seems to include several which have been con- 
sidered as distinct species, such as Pirmularia {Navicula) 
peregrina^ and other forms, referred to Navicula semeriy N, 
rhyncocephalay Pinnularia gracilis^ P. radiosa^ &c., although 
in these three species the normal striation is 26 in '001". 
But there are even more of the forms of this group which are 
undescribed, such as the round and oval forms ; that which 
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resembles a shortened P. oblonga ; that which occurs in Dud- 
dingston Loch; the sobcapitate forms; the capitate forms 
with straight sides ; that having the form of P. acuta ; and 
various others. 

If these two classes of forms, the known and the unde- 
scribed, really cxmstitute one group, we find in that group 
nearly every shape which is seen in the genera Navicula and 
Pinnularia ; and also transition forms, connecting together the 
various types. 

The question naturally arises : Can all these varied forms 
belong to one species? Now, at one time, certainly, each 
marked type of form would have been regarded as a distinct 
species. But the more extended observations of recent times 
have proved that form, shape, or outline, is not nearly so 

Gnnanent a character as had been imagined. In a paper on the 
uU Deposit Q Journal,* January 1854,) I pointed out, and 
illustrated by some figures, the remarkable tendency to variety 
of form in three species, namely, Eunotia btpibbaj Kiitz: 
Pinnularia divergens^ W. Smith, and Hintantidium Mdens. 
I alluded also to the same tendency in Eunotia triodan ; and I 
again returned to the same point in this last species, in a 
short paper in the * Journal' for July, 1854. Other examples 
are not wanting ; and the more the Diatomaces are studied, 
the more do we perceive that, in many species at least, the 
shape or outline is subject to endless variations. It certainly 
appears at present as if, inmany species, the form were constant : 
but we must be cautious in affirming this, for in two species 
which I adduced as examples of constancy in outline, namely, 
Navicula rhomboidei^ and N. serians^ we have now good reason 
to believe that important variations of shape occur. Just as 
N. peregrina seems to belong to the group of N. varians, 
so it appears that iNT. Crassinervia will prove to belong to N, 
rhombaides ; and that a form, apparently yet more widely 
differing fh>m the latter, namely, that which I have lately 
describel* under the name of iVl interrupta, which is linear, 
narrow and obtuse, may be found to be another modification 
of N. rhamboides. The Revd. Professor Smith has also very 
recently detected a modification of N. serians, most remarkably 
different in shape from the usual type. 

It will probably be found necessary, looking to the 
umformity of markings and aspect in the forms here described, 
and to the existence oi such numbers of transition forms con- 
necting the various types of outline, to form a species, 
Navicula varians, including these forms as sub-species ; or 

♦ In a paper read to the Microscopical Society, 26th of October last, 
which will appear in the next Number of the * Journal/ 
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else to fonn a subgenus, characterised by its markings^ 
that is, by its structure, including, as species, the chief types 
of outline to be found in the group. Some system of sub* 
division must be employed, in order to avoid confusioa I 
dare not venture, in the present imperfectly investigated con* 
dition of these forms, to prepare a permanent nomenclature 
for them. I content myself with directing attention to the 
subject, merely using the name iV. varians as a convenient 
symbol for the group. I entertain no doubt that other 
analogous groups will be detected by careful examination. 

It is quite plain that in such groups form, shape, or outline 
cannot be regarded as a trustworthy specific character, 
although it is probable that many species exist in which the 
form, being constant, may be safely used in this way. 

It is an important question how far other characters, such 
as the number of the striae, or their arrangement, or the 
general aspect, may be depended on as specific characters. 

In this case, as in that of form, there seem to be many 
examples in which the characters are constant. But yet other 
cases occur where the tendency to vary seems to extend to 
these characters also. Thus, I have more than once pointed 
out that Pinnularia divergem^ W. Smith, which, as it occurs 
in the Premnay peat, has, according to W. Smith, II striae in 
'001", occurs abundantly in the Mull deposit, and in many 
recent gatherings, with every detail, and especially the very 
peculiar arrangement of the striae, which have three centres of 
divergence, precisely as figured in the Synopsis, while the 
number of striae is from 24 to 26 in '001". I have now 
repeatedly met with both varieties, and although the number 
of striae seems never to fall so low as stated by Mr. Smith, yet 
there is a very marked difference. 

It would be out of place here to enter minutely on this 
question, which, however, is. well worthy of attention. It will 
probably be found that in certain cases none of the characters 
above alluded to are constant ; while in many they appear to 
have a great degree of uniformity. 

But it is strictly within the scope of this paper to notice a 
group allied to that of N, varians, and differing from it chiefly 
in the number of striae. 

I have already stated that some of the forms now figured 
had been referred to such species as N. semen^ N, rhyncoceptiala^ 
P. gracilis, and P, radiosa, in all of which the normal number 
of striae is from 24 to 26 in 001." 

Now, I find, occurring generally with those forms which I 
refer to the group of N. varians^ others, having, like them, all 
or most of the varied shapes I have alluded to, and yet having 
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much finer striae; in fact, agreeing in this respect with the 
four species just named. To this group belong the form 
figured in my paper on the Mull deposit as Pinnularia exigua ; 
that figured in the same paper as a doubtful form of P, 
radiosoj or between that species and P, peregrina, and a 
considerable number of other forms, which not only have the 
striae inclined and otherwise arranged exactly as in N, varians, 
but pass into one another by intermediate forms. Their 
aspect is quite distinct from that of N, variansy because the 
striae, being much finer, cease to be conspicuous, as they are so 
remarkably in iV. varians. To this group belongs also a form 
I lately described * B3 Ni lafiuscula, and I am inclined to 
believe that the group includes N, semen, N, rhi/ncocephala, 
P. gracilis^ P. radiosa^ and others, just as I suspect that the 
group of N, varians includes N. peregrina and P, (qy N ?) 
oblanga. In favour of this supposition, I may mention that a 
friend informs me that the striae of P, gracilis have been 
found by him to be moniliform, although the fact may not yet 
be thoroughly established. This, it will be observed, corres- 
ponds to Mr. Smith's observation on the striae of P, peregrina. 
It is well known that the striae in P. gracilis are somewhat 
obscure, and that in this, as well as in number, they differ from 
those of N, varians. But we can now see how it was that 
several of the forms of N, varians were referred to P, gracilis. 
The latter, with its normal striation, appears to belong to 
the second group which I have mentioned, and which, 
for convenience, may be called N, .mutabilis. 

It will be observed that if, in the case of N, varians, the 
two characters of variableness of outline and variableness in 
the number of striae should be found united, N, varians and 
N, mutabilis would then constitute but one group, divided, in 
the first instance, into those with 16 striae in •001" or N, 
varians, and those with 26 striae in '001," or N, mutabilis^ 
whether these divisions be regarded as species, or as subgenera. 

I have only farther to add, at present, that both these 
groups are widely distributed and often abundant, whether in 
the shape of the known species, such as P, peregrina, P, 
gracilis^ &c., or in that of the types now first pointed out. I 
have named those gatherings or deposits in which they occur 
most abundantly ; but there are few mixed fresh-water gather- 
ings in which some of them do not occur. I have it, 
fortunately, in my power to supply observers with some of the 
most interesting gatherings, and I shall be happy to forward 
small portions of these, or slides, where the material is very 
scanty, to such microscopists as may wish to examine them. 
* In the paper already alluded to in a preceding note. 



DESCRIPTION OF PLATE I. 

In illuttration of Mr. Rose's Paper on Parasitic Borings 

in Fossil Ftah-scales. 



Fif. 

1. — Borings in a cycloid scale (Osmeroides f\ from the lower chalk of 
West Norfolk. 

1 a magnified 35 diameters. At c, in this figure, is shown the 
confiuenoe of two tubes at their commencement. 1 &, a por- 
tion more highly magnified. 

2.-— Borings in another scale, magnified 135 diameters. 

3. — ^Borings in a scale of Prionolepis anguttus^ from the lower chalk ; 
magnified 135 diameters. 

4. — ^A variety of the last, from another scale^ perhaps plaooid, obtained 
from the lower chalk. 

5. — Borings in fragments of a Fish-scale, from shales of Eimmeridge 
clay. 

a, a. The specimen from which these are taken has lost the 
external lamina, therefore the borings lie between the two 
lamine, or in an inferior one. 
hf h. This specimen has the external lamina on it. 
e. The external lamina is in this figure situated at d. 
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On the Development of the Embryo of Purpura lapillus. 
By William B. Carpenter, M.D., F.R.S., F.G.S., Presi- 
dent of the Microscopical Society of London, &c. &c. 

(Read December 29th, 1854.) 
Notwithstanding the large amount of attention which has 
been given by Microscopists, during the last twenty years, to 
the development of the ova of Gasteropod Mollusks, and the 
completeness with which, in particular cases, its successive 
stages have been observed, much still remains to be learned 
respecting it. And this is more 'especially the case with re- 
gard to the Pectinibranchiate order, which includes not only a 
very large proportion of the entire class, but also comprehends 
those forms which, by general consent, would be regarded as 
its types. For nearly all the most complete series of observa- 
tions yet made, have had for their subjects either Nudibran- 
chicUe or Pulmonated Molhisks; the ova of the former pre- 
senting peculiar facilities for examination, in virtue of their 
extreme transparency, and the rapidity with which they undergo 
some of their most important changes, so that these can be 
watched while in actual progress ;* and those of the latter 
having attracted the attention of that large class of naturalists, 
who, not having the opportunity of sojourning at the coast, 
are glad to avail themselves of the opportunities afforded by 
the universal diffusion of Helices, Lymnasiy &c., for the prose- 
cution of this kind of research. "f* 

* On the embryonic development of Niidihranchiate and Teciibranchiate 
Gasteropods, see especially the admirable memoir of Vogt, on Actoeon 
viridiSy in *Ann. dos Sci. Nat.,' 3ieme S^r., tom. vi. (1846); also Sars, 
on Tritonia, Doris, Aplysia, and Eolis, in * Wiegniann*s Archiv.' 1837, 
1840, 1845 ; Van Beneden, on Aplysia, in * Ann. des Sci. Nat.,' 2ieme 
S6r., tom. xv. (1841) ; Nordmann, on Tergipes, in * Ann. des Sci. Nat.,' 
8i^me S^r., tom. v. (1846) ; Allman, on Actoeon, in 'Ann. of Kat. Hist.,* 
vol. xvi. (1845) ; and Reid, on Doris, Pdycera, &c., in * Ann. of Nat. 
Hist.,' vol. xvii. (1846). 

t On the embryonic development of the Pulmonated Gasteropods, nu- 
meroas memoirs have been published, of which the following are the most 
important: — Prevost, on Lymnoeus, in * Ann. des Sci. Nat.,' tom. xxx. 
(1833) ; Quatrefages, on Lymnaeus and Planorbis, in ' Ann. des Sci. Nat.,' 
2i^me S^r, tom. ii. (1834) ; Laurent, on Limax and Arum, ibid., tom. iv. 
(1835) ; Jacquemin, on Planorbis, ibid., tom. v. (1836) ; and in 'Nova 
Acta Acad.,' tom. xviii. (1838) ; Dumortier, on Lymnoeus, in ' Nouv. 
M^m. do I'Acad. Roy. de Bruxelles,' tom. x. (1837) ; also * Ann. des Sci. 
Nat.,' 2itoe S^r., tom. viii. (1837) ; Van Beneden and Windischmann, 
on Limax, in * Bull, de TAcad. Roy. de Bruxelles,' tom. v., No. 5 ; also 
• Ann. des Sci. Nat..' 2ifeme S^r., tom. ix. (1838), and ' Miiller's Archiv.,' 
1841 ; Pouchet, on Lymnceus, in * Ann. des Sci. Nat.,' 2i^me S^r., tom. x. ; 
Rathk^, on Lymnoeus, Planorhis, and Hdix, in * Froriep's neue Notizen,' 
band xxiv. (1842), and * Wiegmann's Archiv.,' 1848 ; Fred. Miiller, on 
Bdix, in ' Wiegmann's Archiv.,' 1848 ; and (jregenbaur, on Helix, &c., in 
' Siebold and Kolliker's Zeit«chrift,' 1852. 

VOL. III. c 
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The only detailed observations with which I am acquainted,* 
that have been made upon the embryonic development of 
Pecttnibranchiate Gasteropods, are those of MM. Koren and 
Danielssen on Bttccinum undatum and Purpura lapillus ;\ and 
these disclosed phenomena of so extraordinary a character, 
that, if their facts and inferences are to be implicitly received, 
many of the general doctrines of development which had been 
considered to be most surely established, would need to be 
greatly modified in their application to these animals, as pro- 
bably to their congeners also. 

The singular circumstance was long since noticed by Dr. 
J. E. Gray,f that a capsule of Buccinum enclosing more than 
a hundred ova, yielded only four or five mature embryos ; and 
it was supposed by him that, as often happens in Plants, the 
great increase of some ova hinders the development, and ulti- 
mately effects the destruction, of the remainder. The condi- 
tions under which development takes place in the two cases, 
however, are so essentially different, that no parallel can be 
reasonably drawn between them. 

A similar order of facts is presented by Purpura. Each 
capsule originally contains several hundred bodies, § having 
the appearance of ova (Plate III., fig. 1); yet when it is opened at 
an advanced period, no more than from twelve to forty embryos 
are found in it ; these, however, being of such large dimensions 
(Plate III., figs. 15, 16), that their aggregate mass equals 
that of the far more numerous bodies which they replace. 
In what manner, then, are the materials of the abortive 
ova (?) applied to the nutrition of the embryos, whose 

* The Memoir of Leydig on Paludina vivipara (* Zeitachrift fiir wissen- 
schaftliche Zoologie,' 1860), referred-to by MM. Koren and Danielssen, 
has not fallen in my way. 

t * Bitrag til Pectinibranchiemes Udviklingshistorie,' Bergen, 1851 ; 
translated in * Ann. des Sci. Nat.,* 3i^me S^r., tom. xviii. xix. (1852-3), 
and in * Taylor's Scientific Memoirs,' 1853. 

X * Loudon's Magazine of Natural History,* May, 1837. 

§ In both the translations of MM. Koren and Danielssen's Memoir, 
these observers are made to state the number of these bodies as sixty or 
more. But it is evident, from the accounts which they subsequently give, 
of the coalescence of these bodies into embryos, — " some embryos resulting 
from the union of three or four ova, while sixty or more had contributed 
to form most of the others," — that this number is understated. As it is 
expressed in figures, I think it probable that a has been accidentally 
omitted, and that the number should have been 600. This would cor- 
respond well with the average of my own estimates. The number is by 
no means constant, however ; the capsules varying much in size. Hiose 
of the same cluster, deposited by one individual, usually correspond with 
each other pretty closely ; but the ratio of capacity of those in different 
clusters is occasionally at least 2:1; and this partly accounts for the 
difference in the number of mature embryos noticed above. 
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increase and development thus seem to take place at their 
expense? 

This is the problem to which MM. Koren and Danielssen 
applied themselves, and of which their solution presents phy- 
siological difficulties scarcely inferior to those of the problem 
itself. Their account of the process is briefly as follows : — 
Each of the numerous bodies originally aggregated in the 
ovigerous capsules, is regarded by them as a true ovum ; of 
which the vitellus undergoes a cleavage, which is at first 
regular, but subsequently irregular, dividing it into from six 
or seven, to sixteen or eighteen cleavage-segments. These 
segments then agglomerate into a compact mass, in which, 
however, the clusters formed by the separate ova may be dis- 
tinguished for some time. At a later period, they describe this 
conglomerate as presenting manifest subdivisions, which 
become more sharply circumscribed, and project from the 
remainder of the mass. ^' These projecting groups soon take 
a cylindrical or pjrriform shape, and are fixed to the rest by 
means of a peduncle. The microscope shows them to be 
composed of a delicate ciliated membrane, enclosing a mass 
of ova ; a transparent substance exudes from the two sides of 
the peduncle, upon which fine cilia appear (the foot) ; and at 
. the base of this same peduncle, the first traces of the lobes 
are distinguishable. Finally, many of these pyriform bodies 
become detached from the mass, and rotate upon themselves ; 
these are the embryos." Thus, according to these observers, 
a number of ova^ varying from three or four to sixty or more, 
coalesce to form each perfect embryo. 

But they have also obiserved another phenomenon, which 
they consider as altogether abnormal ; namely, the develop- 
ment of an embryo from a single ovum, which does not become 
fused into the conglomerate mass. Such an embryo, they say, 
is always to be found in each capsule, up to the eighth week 
of its development ; and it is at once known from the rest, not 
only by its small size, but by the very imperfect development 
of its organs, the ciliated lobes and foot being the parts first 
and most completely evolved, and the other oi^gans being 
nearly or entirely abortive; this inequality giving a strange 
and (at first sight) almost incomprehensible appearance to the 
• monster.' Hence, then, they conclude that *' for the viability 
of the individual organized, more than one ovum is necessary ; 
and despite the regularity and the vivacity observable in the 
young product of the single ovum, we see that its development 
remains in the highest degree incomplete. This single ovum 
had in fact undergone all the stages of cleavage, and to all ap- 
pearance united all the anatomical and physiological conditions 

c 2 
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necessary to its complete development ; while, on the other 
hand, it appears to us to be incontestable that it had never 
been in possession of the materials requisite for the formation 
of organs." 

Having had the opportunity, during a short sojourn at 
Tenby in August and September 1854, of applying myself to 
this investigation, I gladly availed myself of it ; for the pur- 
pose of affording to the statements and conclusions of MM. 
Koren and Danielssen, should I find them borne out by facts, 
that confirmatory testimony from an independent observer, 
which their aberrant nature seemed to require; or, on the 
other hand, to correct them, if I should find them to be in 
error. I can honestly say that I entered upon the investiga- 
tion without prejudice of any kind ; for whilst, on the one 
hand, there appeared to be a strong antecedent improbability 
about their view of the case, yet, on the other, so many won- 
derful truths have been elicited by modern research,* — ** so 
various" (as my friend Mr. Huxley has .well phrased it) " are 
the possibilities of nature," — that its very strangeness had 
almost something to recommend it. 

The general result of my observations is, that the process 
has been altogether misconceived by my predecessors ; that no 
such departure from the ordinary plan of development takes 
place, as the fusion of a number of originally distinct ova into 
a single embryo ; but that each embryo originates in a single 
ovum ; that it attains to a certain grade of development by the 
metamorphosis of the contents of its own vitellus ; but that its 
increase in size, and the continuance of its development, depend 
upon its appropriation, by a process of deglutition or swallow- 
ing, of a mass of additional or supplementary vitellus^ the want 
or insufficiency of which occasions its partial or complete 
abortion. As to the immediate cause of the production of 
' monstrous' embryos, therefore, — a phenomenon which I have 
found to be far more common than MM. Koren and 




regard to the mode in which this nutritive material is appro- 
priated ; but also in asserting that the production of embryos 
from single ova, instead of being an abnormal and occasional 

♦ What, for example, could have been more improbable, d priori, than 
the detachment of the ann of the male Argonaut, and its continued exist- 
ence as (in some sort) an independent self-moving being, so as to have 
been mistaken for a Worm, in order to serve as the instrument for the 
fecundation of the female ? 
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phenomenon, is one stage in the normal process of develop- 
ment. 

Notwithstanding my own conviction of the truth of my 
conclusions, — based upon the careful and repeated observation 
of certain most important phenomena in the history, which 
have been altogether overlooked or very imperfectly seen by 
my predecessors, whose ignorance of these facts has vitiated 
the whole of their interpretation of the process, — I might have 
hesitated in thus giving a somewhat confident expression to 
them, since the limitation of my time prevented me from 
working-out the investigation with the completeness I should 
have desired. But during my prosecution of the inquiry, I 
had the advantage of being able to satisfy my friends, Mr. G. 
Busk and Mr. T. H. Huxley, of all those facts on which my 
conclusions are based ; and the former of these distinguished 
naturalists and excellent observers, having remained at Tenby 
for some time longer than myself, not only verified these by 
bis own independent obser^^ations, but also supplied some ad- 
ditional facts of great value in regard to the earlier stages of 
the process, which he has kindly allowed me to incorporate in 
the history which I shall now offer. I cannot but believe, 
therefore, that the joint testimony of my friends and myself, 
as to what we have ourselves repeatedly witnessed, should re- 
move all reasonable doubt about the facts of the case ; and the 
inferences from these facts seem inevitable. 

Each of the flask-shaped ovigerous capsules of the Purpura 
lapillus contains a large number of egg-lihe bodies (usually 
from 500 to 600), in the midst of a pellucid viscous liquid, 
very like ordinary white-of-egg. (Plate III., fig. 1). These 
do not at first present any feature of dissimilarity, one from 
another. They are all spherical, or nearly so, in form ; and 
their diameter is pretty uniformly -0075 of an inch. Not- 
withstanding the statement of MM. Koren and Danielssen, 
that they have '* a delicate chorion and a vitelline membrane," 
I have not been able to detect any appeamnce distinctly indi- 
cating the presence of a membranous investment around thenu 
When crushed, they are found to be composed of vitelline 
matter, consisting of ovoidal particles strongly resembling 
starch-granules (fig. 2.) in size, form, and general appearance, 
but of albuminous composition, imbedded in a fluid loaded 
with minute granular particles, many of which seem to be 
oleaginous. I have not detected in any of them, either a 
germinal vesicle, or any body which could be considered as 
representing it ; but I have occasionally met with what ap- 
peared to be the void space, which the germinal vesicle might 
have formerly occupied. Having, for the sake of comparison, 
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examined the unfertilized ovA still contained in the ovary, but 
approaching maturity, I found them to correspond in size and 
appearance with the bodies which fill the ovigerous capsules, 
but to possess the usual germinal vesicle and germinal spot. 

As it will appear, from the details to be presently given, 
that some of these bodies are true ova^ whilst others are merely 
yolk'Sepnents^ it comes to be a question of much interest, 
whether the former can be distinguished from the latter, at 
this early period of their history. Neither Mr. Busk nor my- 
self, however, has been able to detect any marked difference, 
previously to the occurrence of the first segmentation. 

In the course of a few days, all the egg-like bodies in the 
capsule begin to show signs of cleavage. In the greater part 
of them, the two segments produced by the first cleavage are 
equals or nearly so ; and each of these again subdivides into 
other two which are alike equal. The subsequent cleavages 
take place with less regularity, so that the mass often loses its 
symmetry of form ; but they commonly issue in the sub- 
division of the whole vitellus into from about twelve to eigh- 
teen segments, whose diameter averages '0030 of an inch 
(Plate III., fig. 5, a, ft, c, d). 

Here and there, however, we may distinguish among the 
rest, one of these egg-like bodies whose cleavage divides it 
into two segments whose inequality is very marked (Plate III., 
fig. 6, a) ; and at one end of the line of constriction, there are 
to be seen one or two, or perhaps three, minute vesicles, near 
which is a clear space in each segment. These are obviously 
the * Richtungs-blaschen,' or Vesiculce directriceSy which were 
first observed by Caras, afterwards by Dumortier, Pouchet, 
Sars, Van Beneden, and Reid, and more recently by Fred. 
Miiller (who ascribes to them a great importance in the primi- 
tive development^changes of the ovum), by H. Rathke, and by 
Gegenbauer.* These vesicles were noticed by Koren and 

* It is not only in the ova of Gusteropods, that these vesicles present them- 
selves. They had been seen in the ova of several Lamellibranchiata, Annelida, 
and Entozoa ; and in several Vertebrata also. See the Third Series of 
• Researches on Embryology * (* Philosophical Transactions,' 1840), by Br. 
Barry, who repeatedly figured these vesicles, but quite misapprehended 
their import ; the Memoirs of Professor Bischoff, on the * Embryonic De- 
velopment of the Dog, Rabbit, and Guinea-pig ;' and the posthumous 
Memoir of Mr. Newport, * On the Impregnation of the Ovum, and the 
Growth of the Embryo in the Frog,' in the * Philosophical Transactions,' 
1854, p. 234 et aeq. With reference to the idea of F. Miiller, that these 
spherical bodies determine the line of first cleavage of the yolk, Mr. New- 
port remarks : — " My observations on the development of the embryo lead 
me to believe that, though the transit of these bodies is usually in the 
same line as the first cleft, the direction of the fissure is not determined 
by them, but is owing to some other cause." 
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Danielssen in the oTuin of Buccinum ; and in a supplement 
to their former researches, they confirm the statement of pre- 
vious observers, that in the joungest ova they exist in the in- 
terior of the egg, and pass from thence to the surface. They 
distinctly state, however, that they could not find them in the 
ova of Purpura, although they took great pains to look for them. 
There frequently appears to be but one (Plate III., fig. 3) ; but 
this is probably because the second vesicle is behind the first. 
When both come into view, one vesicle is almost invariably 
observed to be smaller than the other (Plate III., fig. 4). It is 
comparatively rare for three to present themselves. The 
vesicles are very pellucid; the larger one is filled with a fine 
granular material, and apparently unfurnished with a nucleus ; 
the smaller is a nucleated cell, and is more transparent The 
vesicles are invariably found on that side of the ovum, at 
which the head and oUier appendages are formed ; never at its 
posterior part. Their gradual separation from the yolk-mass, 
to which they seem to be connected by a kind of viscid mucus, 
clearly shows that this is not enclosed by any vitelline mem- 
brane.* 

The difference between the two kinds of bodies, at first in- 
distinguishable from each other, now becomes apparent; the 
former are nothing else than vitelline mheres (as was suspected 
by M. Milne Edwards in the case of Buccinum), f whilst the 
latter are true ova. The subsequent destination of the two 
respectively makes this very obvious. 

Shortly after the completion of the subdivision of the 
* vitelline spheres' into clusters of * yolk-segments,' the whole 
aggregate of these shows a tendency to mutual coalescence. 
Up to that time, these clusters have remained distinct from 
each other, and are always separated by the intervening viscid 
liquid ; and even if flattened against one another by pressure, 
they separate again on the removal of that pressure, without 
the least appearance of mutual fusion. But at this period they 
adhere with considerable tenacity « so that it is difficult to tear 
apart the aggregate vitellus into its component clusters of 
yolk-segments (Plate IV., fig. 7) ; and this coalescence speedily 
becomes so complete, through the mutual adhesion of the 
yolk-segments themselves, that the form and demarcation of 
the clusters are obscured and finally lost ; the resultant being 
a conglomerate mass of yolk-segments (Plate III., fig. 10) ; 

• For the knowledge of the facts stated in this paragraph, I am indebted 
to Mr. G. Busk. I had myself frequently noticed the presence of the 
vesicles in the course of my ezaminatlonB of the contents of the capsule 
at this stage ; but I was not then aware of their significance. 

t * Ann. des Sci. Nat.,' torn, xviii., p. 261, note. 
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having no definite form, and nearly filling the ovigeroas 
capsule.* 

I am not able to detail, as fully as I could wish, the mode 
in which the segmentation proceeds in the true ova, and in 
which the proper embryonic structures first appear ; but as far 
as I have been able to gather from my own observations and 
those of Mr. Busk, the subdivision of the smaller of the two 
primary segments (which I shall call the anterior) takes place, 
until a collection of very minute spheres is formed along one 
margin of the larger or posterior segment which has undergone 
no subdivision (Plate- III., fig. 6, &, c). This portion then 
becomes pellucid, and is obviously bordered by a membrane 
(fig. 8, a) ; and gradually a pellucid margin is seen to present 
itself around the whole vitellus (fig. 8, a, J, c), the border, 
however, being still much broader at the anterior part than at 
any other. The pellucid membrane soon becomes clothed 
with very delicate cilia ; and these are particularly abundant 
at its anterior extremity, where an important change speedily 
takes place. The broad margin extends itself on either side, so 
as to form the rudiments of the two ciliated lobes which seem 
to belong to the early embryos of all Gasteropods (fig. 8, c) ; 
whilst between these, the transparent envelope seems to thin- 
away (?), until an aperture is formed, leading directly down to 
the cavity wherein the vitellus lies (fig. 8, d). This aperture 
elongates into a canal, the whole interior of which, as well as 
its margin, is thickly clothed with cilia (fig. 9, a, b). Thus 
the larval Purpura becomes possessed, by such a process of 
transformation as takes place in the embryo Polyzoon, of a 
mouth with ciliated lobes on either side, a ciliated oesophagus, 
and a gastric cavity ; which, although at first fully occupied by 
the original vitellus, soon shows a capacity for more, the walls 
of the cavity itself being enlarged by material withdrawn from 
the vitellus, and the space occupied by the latter being cor- 
respondingly reduced by the appropriation. 

This process is going-on at the same time with the segmen- 
tation and coalescence of the vitelline spheres. But there 
is no such relation between them, as binds them to an 
exact synchronism. For I have sometimes met with a 
dozen or more of embryos, developed up to the oesophageal 
stage, in a capsule whose vitelline spheres had not yet begun 

• Notwithstanding the most careful examination, I must confess myself 
unable to discover in the couglomerate mass, still less in the bodies of the 
embryos which are formed at its expense, those distinct indications of the 
original clusters, which are represented by MM. Koren and Danielssen 
in their figs. 27— 31 ; and since the vitellus is swallowed by the embryo 
(p. 26), particle by particle, it is impossible that any such gix)uping can 
be preserved withhi their bodies. 
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to coalesce; whilst, on the other hand, I have found the 
coalescence to have completely taken place, without any sign 
of more advanced embryonic development, than the presence 
of the clear margin around some of the vitelline bodies im- 
bedded in the aggregate mass. Generally speaking, however, 
I believe that by the epoch of complete coalescence of the 
vitelline spheres, some of the embryos will have attained the 
cesophageal stage, and will be found external to the conglomerate 
mass, as shown in Plate IV., fig. 7, i, c, <f, e^fg; whilst others, 
a, not yet so far advanced, are imbedded in its superficial por- 
tion, and are consequently only to be found by careful search. 
That as many of these original embryos as usually come to 
maturity, are to be found in some stage of development or 
other, in every capsule whose vitelline segments have coalesced, 
except in such as are destined to failure from the want of 
them,* I am satisfied, from the unequivocal evidence afforded 
by repeated observation. 

The embryos which have attained the stage of development 
just described, attach themselves by the mouth to the con- 
glomerate yolk-mass (Plate III., fig. 10) ; and by the continued 
action of their ciliary apparatus the particles of this mass are 
detached, and are driven down their oesophagus into the gas- 
tric cavity, which is gradually distended by them, until the 
embryo attains many times its original size. This statement 
is not a mere inference, resting on the fact that embryos of 
various sizes are often found attached to the same yolk-mass 
(Plate IV., fig. 11, o, 6, c, rf, c, /) ; for under favourable cir- 
cumstances I have been able to witness the detachment and 
ingestion of the particles, and to observe a sensible enlarge- 
ment of the embryo in consequence. This, however, is not 
often possible, since the entrance into the oesophagus is gene- 
rally overlapped by the conglomerate yolk-mass on one side 
or the other, so that it cannot be seen-through. On one occa- 
sion, however, I witnessed a very curious occurrence, which 
afforded a remarkably satisfactory view of the process. 
Having opened a capsule, of which the contained embryos 
had almost entirely appropriated the yolk^mass, and had con- 
sequently attained to nearly their full size, I observed one 

* The number of true ova bears no relation whatever (as will hereafter 
appear) to that of the vitelline spheres. Sometimes there are not enough 
of the latter for the full development of the embryos ; sometimes, on the 
other hand, there are more than are required. And I have found so many 
capsules in which the vitellus was undergoing decomposition, apparently 
for want of embryos to appropriate it, interspersed among those which 
contained the usual number of embryos in full course of development, 
that I am satisfied that the want of true ova is not a very unfrequent 
occurrence. 
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of them with a peduncular elongation still projecting from 
its mouth, as seen at fig. 13, a (an appearance which is not at 
all unfrequent, and which is often due^ I believe, to the de- 
tachment of the embryo by the rupture of its peduncle, in the 
very act of opening the capsule) ; it happened that another 
and somewhat larger embryo was swimming near, and the 
currents produced by the ciliary action of both drew their 
anterior extremities together, in such a manner that the 
peduncle of vitellus protruding from the mouth of the one 
inserted itself into the mouth of the other, and the two re- 
mained for some time in this close relation, notwithstanding 
that I purposely agitated the water in the trough that con- 
tained them, in a manner that would have caused the separa- 
tion of bodies in mere juxtaposition. It seemed that the 
ciliary action of the larger embryo was more powerful than 
that of the other ; for I could distinctly perceive, through its 
transparent neck, the detachment of particles belonging to the 
projecting peduncle of the other, and their passage down its 
own oesophagus ; and whilst the size of the larger did not 
much exceed that of the smaller when they first came into 
mutual proximity, the former, in the course of a couple of 
hours, had appropriated so much of what belonged to the 
latter, that their comparative dimensions became more nearly 
as three to two. 

Though I have spoken of distention of the gastric cavity by 
the new vitellus thus strangely introduced, I do not mean to 
affirm that its enlargement is solely due to such distention 
from within. On the contrary, I have met with obvious evi- 
dence that the cavity enlarges to receive it, by the growth of 
its own walls ; for it sometimes happens that this enlargement 
takes place faster than the new vitellus is introduced, so that a 
void space is left. Generally speaking, however, there is an 
actual distention of the walls of the gastric cavity of the 
embr)'o, and this may proceed to such a degree as to involve 
the ciliated lobes also ; and thus all traces of the original 
form may be lost, and nothing apparently remain but an 
ovoidal body, covered with a ciliated membrane, and attached 
by a peduncle to the conglomerate mass (fig. 13, c). If this 
form only was seen by MM. Koren and Danielssen, I am not 
surprised that they should have imagined it to be a pedun- 
cular segment of the vitelline mass. But having traced the 
embryo through every stage, from its first appearance ets an 
embryo, to that which it here presents, I feel perfectly satis- 
fied that the bodies in question are genuine embryos, in the 
act of appropriating the supplemental yolk ; and that their 
variety of size merely results from the difference in the amounts 
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which thej have respectively ingested. In some capsules I 
have found all the embryos to present nearly the same bulk ; 
whilst in others, I have met-with nearly full-sized embryos 
attached to the same conglomerate vitellus, together with 
embryos which had made but little advance upon their original 
dimensions. 

Another fact of no small importance, in reference to my 
view of the case, is that on crushing one of the pedunculated 
embryos, I have almost invariably found the small original 
vitelline mass in the interior of the large supplemental yolk ; 
the original vitellus being readily distinguished by its lighter 
hue, and by a very definite boundary line, although I could 
not (ind any evidence of a membranous separation. And 
again, in several embryos which had only ingested a very 
small allowance of the supplemental vitellus, this was seen 
not to envelop the original mass, but to remain superposed 
upon it (Plate IV., fig. 17). 

During the time in which they are thus appropriating the 
additional supply of nutriment which is required for their 
complete evolution, the embryos make very little advance in 
the development of new parts. This process soon recommences, 
however, and is then carried-on vigorously at the expense of 
the new material introduced. The ciliated lobes are much 
enlarged, and acquire those peculiarly long cilia, which have 
been distinguished as ciiThi; the foot is evolved, and covered 
with short cilia; the auditory vesicles soon show themselves 
at its base ; the tentacula and eyes make their appearance ; 
and in the mean time the mantle and shell are being formed 
at the posterior part of the body. Now this developmental 
process may be arrested in any stage, for want of sufficient 
nutriment ; and thus we may not only meet with advanced 
embryos much smaller than the average size, in the same 
capsule with others of the usual dimensions, but may often 
find in the same capsule not only one embryo, but several 
embryos, in various stages of abortive evolution. The 
original vitellus, when it receives no addition from the con- 
glomerate mass, seems to be entirely exhausted by the de- 
velopment of the ciliated lobes^ which attain nearly their full 
size, notwithstanding that the body behind them is no larger 
than at first, or may even have shrunk in consequence of the 
withdrawal of its contents ; so that such a * monster ' would 
not be recognized as having any relationship to the ordinary 
embryo, but for the intermediate forms which are frequently 
to be met-with. I have even seen the auditory vesicles in one 
of these abortive embryos, which showed no sign of having 
received any additional vitelline material. But for the de- 



28 Dr. Carpenter, on tJie Development of 

velopment of even the rudiment of ihefoot^ I am satisfied that 
some further supply is a necessary condition ; and still more 
is needed for the development of the tentacula and eyes. It 
is very curious to see embryos that have attained this stage of 
evolution, entirely destitute of the means of developing any 
of the visceral apparatus ; this being formed at a later stage, 
and by the conversion of the large mass of conglomerate 
vitellus which has been introduced into the gastric cavity. 
And it is not less curious, that these abortive embryos should 
continue to live so long, being often observed swimming 
actively about, when the normal embryos have attained almost 
their full intra-capsular development. 

Although it is very common to meet with one or two of 
these abortive embryos among the twelve or twenty normal 
embryos, which are ordinarily contained within the capsule, — 
and although we may then attribute their abortion to some 
accidental interference with the process by which they should 
have attached themselves to the conglomerate mass, and have 
appropriated a part of its materials, — yet when, as sometimes 
happens, a large number of aborted embryos are found within 
one capsule, their abortion may be probably attributed to a 
deficiency in the store of food provided for them. Thus in 
one capsule I have found twelve nearly-mature, full-sized, and 
perfect embryos, twelve others decidedly under-sized, but still 
having all the organs complete which belonged to their period 
of development, and twelve embryos in various stages of 
abortion. The capsule contained no unappropriated yolk ; 
and the deficient size of some of the embryos, and the abortion 
of others, seem fairly attributable, therefore, to the inequality 
between the " supply " of nutriment, and the " demand " set 
up by so unusual a number of embryos. 

On the other hand it is not at all uncommon to find, in a 
capsule which contains an unusually-small number of em- 
bryos, a portion of the yolk-mass unappropriated, even when 
the embryos have nearly reached their full development. The 
embryos, when few in number, are commonly of unusually 
large dimensions ; thus in fig. 14 (Plate IV.) is shown such 
an embryo, gorged (as it were) with vitelline spherules, and 
having a residual mass of these, still unappropriated, remain- 
ing attached to its anterior extremity. 

I have not attempted to follow any part of the history of 
development into its details ; the whole of my time and atten- 
tion having been devoted to the solution of the one problem 
which I originally set myself to investigate ; and the limita- 
tion of my opportunity for observation having obliged me to 
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content myself for the present with having obtained what I 
hope will be deemed a satisfactory elucidation of it. I may 
mention, however, as points which require far more careful 
examination, the mode in which the first segmentation takes 
place in the true ova, and, more especially, the mode in which 
the primary mouth and oesophagus are formed. I am not at 
all jsure whether this is effected by the tkinning^-away of the 
peripheral membrane, so as to form an entrance to the inte- 
rior ; or whether, as some appearances I have seen in later 
embryos would suggest (Plate IV., fig 13, a, J), the cavity 
which receives the additional vitellus is formed by the infold- 
ing of the peripheral membrane. The relation of the original 
mouth and €Bsophag^s to the permanent organs of like kind, 
constitutes another very important subject of investigation, 
which becomes very diificult through the obscuration of these 
parts at a later period by the ciliated lobes, foot, &c. In re-> 
gard to the history of later stages, also, I am satisfied that 
although Messrs. Koren and Danielssen have made out many 
important particulars, they have at the same time committed 
mistakes scarcely less serious than those which I have already 
had occasion to correct. For example, the curious contractile 
vesicle which they have described as the heart, is certainly 
Tiot the real heart ; as this is not formed until some time after 
the contractile vesicle, and is situated deeper within the 
cavity of the mantle; and the two may, under favourable 
circumstances, be seen pulsating simultaneously but not syn- 
chronously. 

It now only remains to inquire, whether any phenomenon, 
at all parallel to that which I have described, presents itself 
elsewhere in the animal kingdom. Something like it appears 
to take place, according to the statement of Sicbold, in the 
case of the embryos of Planariae ; for he says of them,* that 
after they have a covering of ciliated epithelium, " they do 
not increase as before by the external fusion of cells ; but 
there is a muscular, discoid, oesophagus formed upon their 
periphery, through which the remaining cells are ingested 
and assimilated within the animal." It is very probable that 
many similar cases will be discovered, when the process shall 
have been adequately looked-for. In particular it may be 
expected to present itself among the Gasteropod Mollusca, 
since the enlargement of certain embryos at the expense of 
the other contents of their capsules appears to be a common 
phenomenon among them.f 

* Vergleichende Anatomic, § 129. 

t It seems rensonable to suppose, from tho ac^^otuit given by MeBsrs. 
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But I think that we may reasonably question whether the 
process, anomalous as it seems, is really anything else than a 
variation of the mode of introducing into the body of the 
embryo that separate store of ^' food-yolk/' which many of 
the higher forms of animals require as a necessary addition 
for the completion of their embryonic development, that has 
been at first carried on at the expense of the ^* germ-yolk." 
Thus in the early development of the chick, the cicatricula or 
germ, formed (as appears probable) by the cleavage of the 
germ-yolk, sends off a membranous expansion, which extends 
itself by marginal growth, until it spreads itself around the 
food-yolk, which it thus encloses in what may be termed the 
temporary gtomach of the embryo. And it seems to me that 
there is an essential parallelism between the condition of the 
embryo^hick at this stage, and that of the embryo-purpura 
when it has distended its body with yolk-segments which it 
has detached from the conglomerate mass, and has conveyed 
into its own visceral cavity. 

The only difficulty that occurs to me, in regarding the great 
mass of the contents of the capsules as yolk- segments, arises 
from the fact of their undergoing a subdivision like that of 
fertilized ova. But this subdivision has very definite limits ; 
it never tends, like the subdivision of the yolk of the true 
embryos, to a ^* differentiation" of parts ; and seems to be a 
mere '^ fractionnement/' designed to break up each body into 
smaller spherules. 



Koren and DanielRsen of the development of Buccinum^ that they have 
made a like error of interpretation to that which they have committed in 
the case of Purpura ; of this Professor Milne- Edwards has already ex* 
pressed his suspicion. See ' Ann. des Sci. Nat./ di^me S^r., torn, xviii., 
p. 261. 
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DESCRIPTION OF PLATE H. 

Dlustiatiye of Dr. Gregory's Paper, *' On a remarkable Group 

of Diatomaceous Forms.'' 

The figures here given do not represent all the forms which may prove 
to be referable to Navicula varians, as described in the ' Transactions/ 
but are intended to show several of the more striking types, as well as 
some of the many transition forms by which these appear to be connected 
together. 

Thus, starting from fig. 1, which, as well as fig. 14, has the aspect of 
Pinnviarta dbionga much shortened ; we find that in fig. 2 it becomes 
larger and broader, and in fig. 4, still larger and longer, retaining the 
bnMd obtuse apices, while it acquires something of the character of P. 
peregrina. In fig. 6, it is again shorter and broader ; but in figs. 3, 3 &, 5, 
56, and 7, we observed it becoming narrow, sometimes rhombic, with 
acute apices in 5 and 5 h, and a slight constriction in the others. In figs. 
8, 9, and 10, the form is more elongated, especially towards the extremi- 
ties; but in 106 and 11, it is again shortened, retaining however, the' 
constriction, which in fig. 11 is so strong as to render it subcapitate. 
From fig. 11, figs. 12, 13, and 13 6, lead us to figs. 14, 15, which are, as 
already stated, dosely allied to fig. 1. This group includes forms either 
identiosl with, or very similar to P. dbicnga (shortened), P. peregrinay 
and P. acuta. The resemblance to the latter species, however, in figs. 3, 
3 6, 5, and 5 6, is only in shape, the striation being quite distinct. 

From fig. 14, we pass by fig. 25, which is shorter and more oval, to fig. 
16 (NdvicSda scuteUoideSy Sm.), which is of a short, broad, oval form, and 
sometimes almost orbicular. I have some doubts whether this last be 
referable to N, vartansy or even whether it be a Navicula at all : it is 
understood that some good observers regard it as a Coceoneis. But I have 
no doubt as to the propriety of classing figs. 14 and 25 together. 

From fig. 11, we pass, in another direction, to figs. 24, 23, and 22, 
which are all subcapitate or capitate ; figs. 24 6, 21, 19 5, and 19, lead us 
gently to figs. 18 and 18 6, and through these to fig. 17, which is more 
decidedly apiculate than 18 6. This last, fig. 18 5, appears to be identical 
with the form described by me in the Mull earth as Pinnuiaria exigua. 

From figs. 23 and 22, we are led, through fig. 20 to fig. 20 6, which 
seems to be a variety of N, infiatay fig. 20 c. The latter is so well marked 
a species, that it may be doubted whether it can be a form of N, varians, 
I would not assert that it is so, but if figs. 20 5, and 20, are to be regarded 
as varieties of N, inflatoy it is evident that that species is susceptible of 
considerable modifications, and we have already traced the connection 
between figs. 20 and 20 &, and others, which seem imdoubtedly to belong 
to N, vortans. 

From fig. 17, we now pass to figs. 27, 28, and 28 &, which are very 
striking forms, some of which have been supposed to be referable to N, 
Semetu But the striation in these forms is remarkably strong and con- 
spicuous, while in N. Semen it is quite the contrary. Indeed^ in Ehren- 
berg's Microgeologie, where the striation of many forms is well represented, 
even where it is not easily resolvable, N. Semen is figured without striie. 

From the last-named group, we proceed, by figs. 29, 29 6, to figs. 30, 
306, 30 c, and 30 c{, in which the type of form of Pinnuiaria gracilis 
appears, more or less distinctly. But the conspicuous and soniewhat 
coarse striation at once distinguish these forms from that delicate species. 
In fig. 38, this type is fully developed in all dimensions, producing a 
splendid form; while in figs. 31, 32, 325, and 32c, we pass tiirough 
various modifications to the form or type of Navicula rhyncoc^haSi, 
Want of space prevents the introduction of larger specimens of this type. 



In these the striation is strong and ooarse ; but in the smaller it is not 
far removed in character from that of the N, rhyncocephcUa of Smith, so 
common in our fresh-water gatherings. 

In publishing these figures, and in the paper which they are designed to 
illustrate, my object has been to direct the attention of observers to the 
existence of a large number of forms, very few of which have hitherto 
been noticed or figured, although they are of very frequent occurrence. 
There is hardly a fresh^water gathering of a mixed character, in which 
many of them are not found. But the only figured species which are 
probably referable to this group are Navictda rhynooc^halaf Pinnuiaria 
peregrinOf P, eociffua, and possibly Navictda inflaia, 

I would by no means be understood as asserting that all these forms 
belong certainly to one species ; but it is plain that most of them are 
very much inclined to vary in outline, and thus, apparently at least, to 
pass into each other, retaining all the time the pieculiar character of 
strlation, and the aspect which marks the group. I must here add, that 
even in the number of striae, and in one type of form, considerable varia- 
tions occur. As the forms become larger, the striae decrease in number, 
and become stronger and more conspicuous, so that no precise number can 
be fixed on, as typical of the species. I have myself counted in scnne of 
-the smaller forms, 22 or 24 strise in *001 of an inch, while in the larger, 
the number falls to 14, or even sometimes to 12. But this variation in 
the number of striae in '001 of an inch is by no means confined to these 
forms. It may be seen in many species, perhaps in all those which vary 
much in size. 

One more fact deserves to be noticed, as favomrable to the idea that these 
forms, at least in great part» are referable to one species. I allude to the 
circumstance, that I have never found one of these types alone ; but that 
several of them, in some cases nearly all, occur together. 

The localities which best exhibit this fact, are Duddingston Loch, 
Lochleven, and the Dhu Loch in Glenshira, the recent mud of which is 
rich in several of these types. A gathering from a brook near Oban coin 
tains nearly all of them, and another from Norfolk, which I owe to the 
kindness of Mr. Bleakley, also presents a large proportion of these forms. 
But, as I have already remarked, they occur, more or less abundantly, in 
almost every mixed firesh-water gathering. 

This leads me to observe, in conclusion, that all the forms of that series 
which appear to be identical with P. peregrina^ootsai abundantly in pure 
fresh water ; whereas P. peregrtna is described as a form of sea water, or 
brackish water. The forms here described, having moniliform striae, should 
be referred to the genus Navictday if that character be regarded as decisive ; 
of which doubts may be entertained. But as it appears, by the observa- 
tions of the Rev. Professor Smith, that he found the striae of undoubted 
P. peregrtna to be, in some examples at least, moniliform, there can bo 
little difficulty in regarding this form as one of the types of Navicula 
variam. At all events, the form or type alluded to^ as 1 have found it 
in Duddingston Loch and Lochleven, is one which varies remarkably in 
outline and proportions. 

The figures now given must be considered merely as intended to- bring 
under the notice of observers a very common, yet a very interesting, group 
of forms ; but not as, in any respect, exhausting the subject, or as esti^ 
blishing with certainty the view which regards afi these types of form as 
varieties of one species alone. That question cannot be decided without 
more extended investigation. But at least the figures will show that 
there is, in certain forms, a remarkable tendency to variation in outline ; 
and I have already found that this tendency exists in a considerable num- 
ber of species, to a greater or less extent. Fardier observations will also 
determine how far this tendency to variation extends, and whether it 
afiects, not only the outline, but the character or number, of the striae, the 
appearance of the nodule or of the median line, and the general aspect. 
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Observations on Cosmarium Maroaritifbrum and other Des- 
MiDEA. By Mrs. Herbert Thomas, Bristol. Communi- 
cated by Dr. Carpenter. 

(Read Jantiaiy 24th, 1855.) 

In the month of February, 1851, while watching:, for the first 
time, in the ZygimnAy the curious phenomenon of conjugation, 
my attention was attracted by a beautiful object passing with 
a slow, unsteady motion over the field of the microscope ; at 
the same time I observed that in its interior small granules 
were moving with extreme rapidity, resembling a swarm of 
bees more than any other object to which I can compare it 
This plant I afterwards knew to be Cosmarium inargarittfe- 
rum. From that period I have made this plant the object of 
my constant observation, and have at the time recorded by 
delineation anything which struck me as new, without, how- 
ever, endeavouring to draw conclusions from my observations, 
which, from my imperfect microscopic knowledge, I knew 
might too often prove incorrect. 

The plant, as I first saw it in February 1851, is figured ikt 
Plate v., fig. 3. In each half, the centre was occupied by a 
vesicle (as it appeared) filled with moving granules, while 
smaller vesicles were at the four sides. The granules did not 
appear to circulate through the plant, but kept to their own 
place, which was either a bag or cavity, I could not decide 
which. Ii^ fig. 1, subsequently drawn, I have recorded that 
the grannies were swarming over the whole plant This may 
possibly have been due to alteration of focus, bringing the 
larger granules mote prominently into sight ; or it may have 
arisen from some difference in the early growth of the plant, 
as the specimeils represented in figs. 8 and 9 showed corre- 
spcNKling differences, fig. 8 developing into fig. 1, fig. 9 
into fig^ 3« 

I now carefully preserved the water in which my Cosnui'^ 
rium was tolerably abundant; and by continually changing 
it, kept the plants healthy. From my recollection of certain 
bodies which I have since occasionally seen, I think that con- 
jugation may have taken place during the summer ; but I was 
not then acquainted with the sporangia of the Desmidise. 
As the summer advanced, many o£ the plants lost their spring 
beauty and active motion ; fig. 10 represents the appearance 
of some ; in others the inner membrane was very much shrunk, 
containing only a little of the green matter, or if in active 
life, the colours assumed more of an autumn aspect, probably 
from the colour of the light thrown upon them. In fig. 6 
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the contents of the inner bag had so much distended them- 
selves, that the bead-like margin of the outer case was lost.* 
In this figure I have represented as accurately as possible, 
the appearance presented oh November 12th. On this plant 
I noted — ^* The motion very active, and the plant apparently 
in a healthy condition. The outer membrane quite plain, 
but certainly the same plant as the others. When fresh 
water was introdaced around the object, the outer membrane 
remained immoveable, while the inner was pushed into a 
globe. The granules escaped one night, and the plant as- 
sumed much the appearance of fig. 10.'' In the following 
spring I figured fig. 5, which appeared to me early develop- 
ment of the masses of swarming granules; and fig. 2, 
which, in the same month (February 1852), was the most 
usual appearance and colour, becoming darker and fuller as 
the spring advanced. In the summer of 1851, I applied 
iodine to fig. 3, when the granules ran with extreme rapidity 
into four balls, as represented in fig. 7 ; I also tried to find 
out their nature by pressing them out of the plant. In this I 
was unsuccessful, as the contents mingled rapidly with the 
other vegetable forms in the water. I satisfied myself, how- 
ever, that they escaped at the centre of the plant, from which 
part the contents escape to form the sporangia, as I afterwards 
discovered. As I frequently found plants resembling fig. 4, 
I concluded that wh^i the plant was mature the grannies 
escaped of themselves. 

In September 1851, 1 had the pleasure of observing ano- 
ther change in these beamtiful plants. At one o*clock the 
two hemispheres of a plant separated, as figured in fig. 11 ; 
die transparent hemispheres protruded between the original 
halves, containing only colourless granules. At six o'clock, 
the four parts were nearly equal in size, and the green matter 
evenlv divided, though iaint in colour. At eleven next 
mommg, the whole had assumed a healthy, vigorous appear^ 
ance, as at ^g. 12. Soon after, a restless motion was visible ; 
and at twelve o'clock the plants were freeing themselves from 
an enclosing monbrane (13), which had fiirst appeared in 
fig. 11. At one o'clock the plants had escaped, and moved 
finely ofi* into the surrounding water, leaving their old enve^ 
lopes, which, in the following spring ^1852), when my plants 
were very healthy and active, I found m great numbers m tiie 
water. I suppose that the time taken on this occasion (twenty- 

* This observation is an important one, if it be quite sure that the 
specimen observed was C, margaritiferwn : it may be questioned, how- 
ever, whether it was not a specimen of C, Ralfsii, whicn had found its 
way amidst the others. — ^W. B. C, 
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four hoim) might be about an average time required for sub- 
division; but the period required for the ripening of the 
moving granules, I cannot in the least calculate. ..I took a 
plant. in apparently full maturity, and watched it for. a fort- 
night ; but I could trace no change in ita appearance, nor did 
the granules weary in Am motion, either in sunlight or in 
shade, in daytime or at night ; for in the dead of night, when 
hours of diarkness might<have rbrought on them the '' sleep of 
plants,'' I suddenly threw upon them a strong light, and 
£Mmd them in their usual activity of motion^ while the same 
light only gi&dually and partially roused a '* wheeler '^ from 
hia slumbers. -. I have figured four monstrosities in subdif 
vision, which I observed in the spring- of 1852 (figs. 15, 16, 
17, 18). I was much inclined in 1851. to suppose, from the 
figure fig^ 2I4 that subdivision took place at various ages of 
the plant; I subsequently found, however, that this must 
have been a plant of C* Thxeaitstif which . I. obtained in the 
spring of i862, in a neighbouring. locality, in great activity of 
division and swarming motion ; and in the same autumn I 
found sporangia of two species, which, would lead me to sup^ 
pose fig. 22 a full-grown fanii« (See. figs. 25 and 28.) 

All the species '. of Connarium do not appear to have the 
habit of casting off -their envelopes ; for in fig. 19, which I 
ibohd in great i^undanoe, both subdividing and fiEnrming 
spotBngia, no-loose vesiides were left from the former. process, 
though in the latter the empty cases were abundant and per^ 
Hianent. Being greatly di^ppointed at not being able to 
prove the use.of the moving granuhss, 1 watched as minutely 
as I could the formation and subsequent development of the 
sporangia. The contents of the badl, as in the division of the 
plant, were at. first light in colour^ ajod containing few gran- 
nies; they subsequently .became, darker green, and then a 
neddish-broiTA, as in figs. 25, 26^27, or as in figs. 23, 24; 
and at the flaaie time. the coats became more numerous. 

In the month of .April 1853, 1, was delighted to find in the 
boidd oonteining the sporangia .of Cogmarium, fig. 24, a 
nuiny-cottted ball fiUed. with .giaosiles- in the same rapid 
molicNi as observed in>the fnll^-gxown Cosmarium* The simi- 
larity of the movement attracted my attention ; and I also 
saw that in tone port the enclosing membrme appeared thinner, 
as if giving way at that spot On the third momiiig the 
memhnme had broken, and the gmnulcs lescaped, leaving the 
Dearly-emptied case as represented at fig. 29» See also 

fig. ae* 

I will now speak of the changes visible to the naked eye^ 
while preserving in bottles waterin which Ootmarium marffori^ 
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Hfttum and others of the same family were very namerotts. 
During the summer and autumn, the masses of green matter 
would float to the surface, rapidly disengaging oxygen as the 
sun shone upon them, and sinking again to the bottom with 
the coolness of the evening. Later in the year, masses would 
adhere to the inner surface of the bottle in the form of a thin 
pellicle, or collect in slimy masses, which appeared to dis- 
solve with the warmth of the coming spring. The green 
colour changed to that of a reddish-yellow, and it might have 
been thought that all was dead, did not the microscope show 
the same beautiful green both in young and full-grown plants, 
together with much bright red and brown, apparently the 
casings of the sporangia, which gave their colour to the 
wheel-animalcules that had evidently feasted on their remains, 
and thriven on them. Large Cosmaria^ still in active motion 
(the remains of the mature growth of the preceding summer), 
lay imbedded in the mass, when a small portion was sepa- 
rated for microscopic observation, as well as clusters of young 
ones, figured at figs. 31, 32, 33. When the bottles had re- 
mained more than a year untouched, except for change of 
water, these masses increased in leathery hardness : green life 
was not extinct, but became feeble in colour, and too much 
changed to warrant further observations ; while a small por«*> 
tion, placed in another bottle and more freely exposed to the 
light, multiplied with great rapidity. Further observations 
were stopped by the declining strength of the plants. 

From the observations of the Rev. Mr. Osborne, on Clode^ 
rium lunula^ published in the * Quarterly Journal of Micro- 
scopical Science,' I should feel no doubt that the advancii^f 
motion in Cosmarium was also caused by cilia, the two families 
bearing a close resemblance to each other in their habits. 
Many careful observations made on Closterium^ as detailed in 
the * Annales des Sciences Naturelles,' vol. v., 1836, have been 
verified here in Cosmariumy though I am inclined to differ <»i 
the subject of the development of the sporangium. This body 
would appear to me to be the winter-casing of a large number of 
young plants, which escape from it by rapidly knocking against 
its walls when these have been loosened by spring warmth, 
or which grow up as the walls gradually decay in the midst of 
those gelatinous masses previously described. In proof of 
this opinion, 1 would adduce the immense increase in the 
number of the plants in the springs of 1852 and 1853, iu 
some measure to be attributed to subdivision, as could be 
seen by the empty double cases figs. 14 and 21, but yet 
trifling as compared with the masses, of which figs. 31, 32, 
anil 33, give only a faint idea Why should such rapid 
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motion be obtenred in the foil-grown plant; unless for the 
pmrpose of reprodiiction ? for the cells of higher jdants show 
sacQ powerful mechanism merely for the vegetative processes. 
If these moving granules are zoospores, capable, when set 
free, of developing into perfect plants, then it seems to follow 
that the sporangium (which is the product of two such plants) 
may ^so contain these zoospores, capable, when their fitting 
time comes, of filling the waters with their countless progeny. 
And if , as I fully believe, fig. 29 is the sporangfium of a 
Cosmarizan^ its growth by zoospores seems evident. 



Address of the President at the Annual Meeting of the 
Microscopical Society, February 28, 1855. 

Gbntlembn, 

The Report of your Council cannot, I think, be other* 
wise than satisfactory, as regards both the progress of our 
Society in number of Members, and the state of our finances; 
Including the elections which we have made this evening, we 
have added twenty-five new names to our list, whilst we have 
lost five by death and five by resignation ; making an addition 
of fifteen to our total. The number of rumiinal Members, 
however, has been considerably reduced by the stringent mea* 
sores which your Council had thought it right to adopt, in 
regard to those individuals from whom long arrears of sub- 
scriptions are due. Of these, four have been taken off the list, 
as never having performed the first condition of membership, 
namely, payment of the entrance-fee and first subscription ; 
whilst eight more who had become entitled to membership, 
have been expelled, after ample notice had been given to them 
of the penally which they incurred. I am quite sure that you 
will not regret the loss of those who have shown themselves so 
unworthy of the advantages which membership confers ; and 
that the vitality of our trunk will be increased by thus getting 
rid of all our dead branches. 

The financial condition of the Society affords matter for 
much congratulation ; since we have been able to afford con- 
siderable additions to our expenditure, without more than such 
a trifling reduction of our floating balance, as we may expect 
to be soon made up by that increase of contributions which is 
continually going on, whilst our reserve fund has considerably 
increased. Thus, we have paid to the editors of the ' Quarterly 
Microscopical Journal of Science ' a much larger sum than has 
ever been before expended in any one year for the printing of 
our Transactions ; whereby each of our Members becomes 
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entltkkl toreceireibe Jovrnfll flree of cost, "dras'getlaii^ faitok 
more thanthree-feuiths of the amount of bir rabacnplkHii 
We have borne the iticFeased* rent dMqs^ed t(» ui by the 
Horticultaral Society; and we bave, in addiliaa, £^ jsat^ 
fied in laying upon the Society's tmAx tbe coat of the tea 
furnished at the! evening meetings, which bad been previonsly 
defrayed by private subscription. 

Among the Members whom we have had the misfortune to 
lose by death daring the past year — namely, the Rev. J. P. 
Bean, Professor E. Forbes, Mr. Finch, Mr. Ingpen, and Dn 
Soulby — there is one whose high scientific eminence claims a 
special tribute on this occasion ; a tribute which, from my 
own long personal friendship with him, I feel it a privilege to 
have this opportunity of paying to his memory. 

The unexpected death of Professor Edward Forbes, on the 
18th of November, at the age of thirty-nine years, excited but 
one feeiing of the deepest negret, not only in the scientific 
community of which i be was so distmguished a member, but 
also throughout a far wider cixcle of personal friends than it 
falls to the lot df most men to possess. It was my good 
fortttae to. have firat become acquamted with him at the time 
when we were £dlcrw»stodients, nineteen years since, in die 
University of Edihbui^h; where be went through the full 
curncttlum'of medical study, but did not take his degree^ 
having, during his sorjoum 'there, determined to abandon the 
pursuit of Medicine as » profession, in order to devoto himself 
to -the study and teaching of Natural History, for which he 
had very early shown a^rtrong bias and a remarkable aptitode. 
Tbe enk^rged and philosophic spirit in which he pursued this 
science,' is too widely known and too generally appreciated, for 
it -to be necessary for me to dwell upon it here. His admir- 
able - monograph on the ^'British Starfishes,'' published in 
1840-1', was the first work by which he became generally 
known as a Naturalist ; and very shortly after its mpearance, 
he conimenced those laborious researches in the i£gean Sea, 
on the distribution of marine life at different depths, which 
first brought him prominently into notice among the eminent 
cultivators of geological science of this' and other countries, 
by whom his investigations were most hi^dy estimated. From 
that time his scientific career was one of increasing honour to 
himself, and of the most eminent service to tbe sciences of 
zoology and geology, which he was continually enriching by 
original contributions of the greatest value. 

He was successively appointed to the Professorship of 
Botany in King's College, to the office of Palseontologist to the 
Geological Survey, and to the distinguished post of President 
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of the Geological Society ; all of which he ratigQed la^t 9pri^g, 
on being chosen to sucoeed the lato Professor Jameson iq the 
Chair of Natural History in the University of Edinburgh, 
which he had. long r^;arded as the summit of his ambition^ 
but npon the duties of which he had scarcely entered* ere his 
Hfe was cut short by the development. of adisease, which (aa 
the event proved) must long have been pursuing its fatal pour$^ 
without any external indication. 

To know the Pnjfsssor was to knpw but little of Edward 
Forbes. Probably no man <of his generation . was so many? 
sided. Not only science, but literature and art, found in him 
a hearty appreciation of all that was excellent. No cliqrjis 
could claim him as its own, for his sympathies were universal ; 
no man was more unselfish, or used his influence more g^de- 
loualy for Uie advancement even of those who might be in some 
sort his rivals, than Edward Forbes* Hence no one could 
know him, without not only admiring, but loving him ; and to 
every one who was worthy of his regard, he freely extended It 
His genid humour and good-natured wit, joined to his otb^ 
high qualifications, caused him to be universally welcomed as 
a companion.; yet^ however ^* petted/* he was never '^ spoiled*' 
by the attentums he received, but remained the same genuinely- 
good fellow, when he had climbed to the top of the tree, as be 
.was when, in the days of his studentship, he exercised that 
wonderful power, of attaching elhers to him, which would have 
doubtless been ^erted to the great advantage of his University 
and of science, had it been the will of Providence that hu 
labours should have been prolonged in the new sphere on 
which he had so recently entered. 

Turning, now, to our own proceedings during the last 
twelvemonth, I cannot but feel some regret at not being able 
to speak in a more congratulatory tone, as to the number and 
importance of the communications which hare be^n brought 
before us. (Considering the great number of individuals who 
are occupied in microscopic research,, and the large amount 
of novel lacts which they must be continually encountering, it 
is to me a matter of surprise, as well as of regret, that yp few 
of these should be made public through our instrumentality. 
Some of the best contributors to our former meetings have, I 
am aware, been kept back during the last year by the pressure 
oi other engagements ; whilst others have entered with such 
,zeai into the study and practice of the Photographic art, as to 
have been led away by its fascinations from their former alle- 
giance. Mcnreover, during the latter part of the last session, 
I understand that a dearth of papers was an epidemic disease 
by which almost every scientific^society in iiondon .was mojCf 
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or less affected ; so that we were thus saffering (if this be re-. 
garded as any alleviation oi. our trouble) in the good oompanj 
of the Rojal, the Linnaean, and other first-rate associations. 
I would urge upon our Members, however, that the interest of 
our meetings can only be sustained by themselves; we have no 
right to look for extraneous assistance ; and there is, I am con- 
fident, no lack of power amongst us, if it be only rightly directed^ 
— a point on which I shall by-and-by dwell more at large. 
But I would also suggest to those distant friends to micro- 
scopic inquiry, who are in the habit of forwarding their valuable 
communications direct to the Journal^ that it would muchserve 
i», and would give to their discoveries a more immediate and 
a wider publicity, if they would communicate them in the 
first instance to the Microscopical Society (which they can 
always do through some Member, or through the editors of 
the Journal), so as to be read and discussed at our meetings. 

The only communication we have received, having reference 
to the improvements of the microscope, or of any of its adjuncts, 
is Mr. Wenbam's valuable paper on Microscopic Photography ; 
which will, I doubt not, give a new impulse to the practice of 
this most interesting art. Having myself been one of the 
earliest labourers in this field, although circumstances have 
prevented me from continuing to cultivate it, I can fully con- 
firm what he says with regard to the superiority of solar light 
over any ordinary kind of artificial light. With low powers, 
indeed, and a sufficiently large condenser, I hare found doused 
dayligtU much superior to the direct rays of the sun : of course, 
a longer time is required for the production of a good picture ; 
but no adjustment is necessary for the change of the sun's 
place ; and the picture itself is much superior in tone to most 
of those taken by direct sunlight It is much to be desired 
that the experiment should be tried, how far the electric light 
possesses such an amount of actinic power, as may make it an 
efficient substitute for the solar rays; the result of Mr. 
Wenham's experiments upon the effect of an intermitting dis- 
charge of a small Leyden jar, being sufficiently encouraging 
to render the trial of it highly desirable. 

Before passing to the review of that portion of our proceed- 
ings which will lead us to considerations of a very different 
order, I think it not inappropriate to make a few remarks upon 
certain tendencies which I observe at present among some of 
those who are most zealously devoted to microscopic research, 
and which seem to me to be likely to exert an injurious influ- 
ence upon the progress of science, if <liey be not kept within 
due bounds. 1 refer especially to that rage^ if I may so desig- 
nate it, for object-glasses of the largest possible aperture, 
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which Cftoses our best makers to aim at its augmentation, as if 
it wete the one thing needful. Now if we examine into the 
comparative advantages and disadvantages of such glasses, we 
shall find, I think, that for all ordinary jmrposes^ the latter 
decidedly predominate. The objects which can be seen de« 
cidedly better with lenses of very large, than with those of 
moderate aperture, are comparatively few in number, and of a 
very limited kind ; being such as are marked with very dose 
lines, striae, spots, or other like inequalities of surface. For 
the resolution of these, it is well known that a large angular 
aperture is essential ; so that of two lenses whose performance 
may be equally good for all ordinary purposes, that which has 
the wider angle shall here surpass the other, and this in exact 
proportion to its excess. But this superiority is obtained at 
the expense of other advantages. For even granting that there 
is no sacrifice of that most important element, defining power 
(which can only be obtained, with a very wide angle, by the 
utmost perfection in all the corrections), yet the adequate 
performance of such a lens can only be secured by the greatest 
exactness in the adjustments. Only that portion of the object 
which is precisely in focus, can be seen with an approach to 
distinctness, everything that is in the least degree out of it 
being imbedded (so to speak) in a thick fog ; it is requisite, 
too, that the adjustment for the thickness of the glass that 
fx»vers the object, exactly neutralize the effect of its refraction ; 
and the ancangement of the miiror and condenser must be such 
to give to the object the best possible illumination. If there 
be any failure in these conditions, the performance of a lens 
of very wide angular aperture is very much inferior to that of 
a lens of moderate aperture ; and except in very experienced 
hands, this is likely to be generally the case. Now to the 
working microscopist, unless he be studying the particular 
class of objects which expressly require this condition, it is a 
source of great inconvenience and loss of time, to be obliged to 
be continually making these adjustments ; and a lens, which, 
when adjusted for a thickness of glass of I-IOC, will perform 
without much sensible deterioration with a thickness either of 
1-80" or of l-riO", is practically the best for all ordinary 
purposes. Moreover, a lens of moderate aperture has this 
very great advantage, that the parts of the object which are 
less perfectly in focus can be much better seen ; and therefore 
that the relation of that which is most distinctly discerned to 
all the rest of the object, is rendered far more apparent Had 
not the term ' penetration' been already appUed in a difierent, 
and I think far less appropriate sense, I should have said that 
an objective of moderate angular i^rture has far more -pene- 
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tratbig powers eoaMisig .nn lo.oee madi mbre into an objoel^ 
ihan <me of a verj wide angle ; and generally ftpeaking^ its 
definition will alaa be foond superior. 

Let me remind you, further, that almost all the great 
achievements of microscopic research baye been made by the 
instmmentaUly of such, objectiyes as I am recommending* 
There can be no question about, the large proportion of the 
results which continental microscopists may claim, in nearly 
Mi depaxtmeiits of minute anatomical, physiological, botanical, 
or jBoological.re8earch,^]nce the introduction o£ this invaluable 
stuauliary ; and it is well Jmown ^faat the great majority of their 
instruments are of extremely simple t*onstmcti<m, and that 
their objectives are generally of very moderate angular aper- 
ture. Moreover, if we look at the date of some of the prin^ 
cipal contributions which this country has furnished to the 
commofi stock, such as the *' Odontography" of Professor 
Owen, tjie " Researches into the Structure of Shell" carried out 
by Mr* Bowerbank and myself, the ^^ Physiological Anatomy'' 
of Messrs. Todd and Bowman,. the first volume of the ^' His* 
tological Catalogue," by Professor Quekett, and the *^ British 
Desmideae" of Mr. Ralfii, we find sure reason to conclude that 
these researches must have been made with the instrumentality 
of lenses, which would in the present day be regarded as of 
very limited capacity, 

I hope that in these remarks I shall not be understood as in 
any way desirous, to damp the zeal of those, who are applying 
themselves to the perfectioniadng of achromatic objectives, I 
regard it as a fortunate thing for the progress of science, that 
there are individuals whose tastes lead them to the adoption 
of this pursuit ; who stimulate our instrument^makers to go on 
from one range to another, until they have conquered the dif- 
ficulties which previously baffled them, and th^i ^pply thenh> 
selves to find out some new tests which shall offer a fresh 
difficulty to be overcome. But it is not the ardy, mxt can I 
regard it as the chief work of the nueroscope, to resolve the 
markings upon the Diatomaceae, or tests oC the like difficulty ; 
and although I should consider this as the highest object of 
ambition to our makers, if the performance of such lenses 
with test-objects were any fair measure of their general utility, 
yet as I think that I havedemonstrated that the very conditicms 
of thdir construction render them inferior in this respect for 
the purposes of ordinary microscopic reseiurch, I would much 
rather hold out the seward of high appreciation {we have no 
other to give) to him who should ' produce the bed: working 
ndcrasoope^ adapted to all ordinary requirements, at the hw&t 
cosL It does not seem, to me an unapt simile, to compare the 
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dfffolees of large angular aperturas to the gentlemen of the 
*tiij£' It isy I believe, generally admitted, that the breeding 
a dasa of horses distiiigaished by speed and ' blood/ which is 
kept up by the devotion of a certain class of our comtrjmaen 
to the noble sport of racing, is an advantage to almost every 
breed of hcMrses thionghout the conntry; tending, as it does, 
to devel<^ and maintain a bigh standard in these particulars. 
But no one would ever think of using a race-horse for a roadster 
or a carriage-horse, knowing well that the very qualities which 
most distingiiish him as a racer, are incompatible with his 
suitableness for ordinary work. And so I think that the 
* breeders' of first-class microscopes (if I may so designate 
them) are d<Mng great service, by showing to what a pitch of 
perfection certain kinds of excellence may be carried, and by 
thus improving the standard of ordinary instrumehts ; notwith* 
standing that for nearly all working purposes, the latter may 
be practically superior. 

Turning now to those contributions which exhibit the uses 
of the microscope in scientific research, I find that the 
first paper- which came before us, that of Mr. Jabez Hogg on 
the development and growth of the Lymnaus, This memoir, 
although treating of a subject which has already been studied 
more minutely than the author seems to have heeia aware of, 
has nevertheless added some facts which I believe to be new, 
and which are of great physiological interest ; I refer to those 
which relate to the retardation of the developmental process, by 
insufficiently supplying the animal with food. The nourish- 
ment of the embryo is. obtained by means of the current 
produced by the cilia clot)ung its tentacles (which is also sub- 
servient to the function of respiration), until the gastric teeth 
are sufficiently matured to enable the animal to cut by their 
means the vegetable substances growing in the water, when the 
ciliary fringe disappears. But if, Mr. Hogg informs us, the 
young animal be kept in fresh water alone, without vegetable 
matters of any kind, it still retains its cilia, and attains only 
to a small size ; and its gastric teeth are but very imperfectly 
developed ; and if it be confined to a small narrow cell, it will 
only grow to such a size as will enable it to move about freely. 
By these means Mr. H. has been able so to retard the develop- 
ment and growth of the embryos, that at the age of six months^ 
though apparen^tly healthy and active, they were only as far 
advanced as ordinary embryos two or three toeeks old; whilst 
other animals* of the same brood and age, placed in circum- 
stances favourable to their growth, had attained their full size, 
and had produced young, which were of the full size of their 
elder relations. The physiologist is reminded, by these curious 
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facts, of the well-known experiments of Dr. W. F. Edwards 
upon the development of the Tadpole, and of the more recent 
experiments of Mr. Higginbottom upon the same subject; 
and as there is some difficulty in reconciling these two sets of 
results, I would strongly recommend Mr. Hogg and other 
members of our society to follow up the inquiry, by a more 
extended series of investigations into the circumstances which, 
separately or combined, affect the development of the Lymncsus 
esjpecially the influence of light and temperature, supply of 
food and oxygen, and limitation of space ; the last, I suspect, 
taking effect through the limitation of food and oxygen.* 

Professor Gregory has continued his interesting communi- 
cations upon DiatomacecB '; and one of the papers with which hie 
has favoured us has a very important bearing upon a question 
which is exciting g^eat interest among really scientific natural- 
ists at the present time, viz., the range of variation within the 
limits of species. For in almost every department, both of 
Zoology and Botany, it is coming to be generally felt, by 
those who have devoted themselves to the inquiry in a truly 
philosophical spirit, that there has been by far too great a 
readiness to establish new species, and to confer new names, 
for the sake of distinguishing forms, which, when more care- 
fully compared, are found to pass into one another by imper- 
ceptible gradations, or to be but different states of the very 
same organism. The time is now, I hope, entirely past, when 
the extent of a naturalist's acquirements in any particular de- 
partment, were estimated by the number of species in his 
collection, instead of by the amount of his knowledge of all 
•that concerns them. Yet still we find that what I may desig>- 
nate as the mere collector's spirit is far too widely prevalent ; 

♦ I feel it requisite to take this opportunity of correcting an error into 
which Mr, Hogg has fallen, in alluding to my observatioDs on Uie struc- 
ture of Shells, and comparing them with those of Mr. Bowerbank. He 
represents me (Transactions, vol. ii., p. 96) as inclining to the opinion of 
Reaumur, who considers Shell an inorgcmic extukUion from the surface 
of the dermis ; whereas the whole aim of my descriptions was to prove 
that Shell is an organized ceUnlar tissue, being, in fact, a calcified epi- 
dermis. It is true that I disagree with Mr. Bowerbank (whose opinions 
Mr. Hogg supports), in maintaining that Shell is not vascular in the ordi- 
nary sense of the term ; that is, is not penetrated by blood-vessels from 
the subjacent tissue. But it no more hence follows that it is not endowed 
with vitality, than that epidermic and epithelial structures, or cartilage, 
are dead or inorganic, because they have no vessels ; and the increase and 
reparation of shell may well take place, like those of the tissues just 
named, at the expense of nutriment brought to it by the vessels of the 
subjacent surface, although that nutriment is not distributed throzigh it 
by the extension of those vessels into its substance. Mr. Hogg appears 
to have laboured under the very common error, of supposing that what is 
non-vasctdar must necessarily be inoi^ganic also. 
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and that the first impulse of manj observers, when they meet 
with a type which is new to them, is to give it a name and a 
place in systematic arrangements. Hence Botany and Zoology 
become loaded with a multitude of names, designative of what 
ev^i a small amount of care and patience will suffice to show 
are identical species ; and almost every widely-difftised plant 
or animal bears a mass of synonyms, which are ex.tremely 
perplexing to the inexperienced naturalist, and very trouble- 
some even to him who knows how to estimate them aright 
Thus, as Dr. J. D. Hooker remarks, the Pteris aquilina, one of 
the most widely-di£Fused of all Ferns, has received a different 
name in almost every country in the world; and among the 
plants of New Holland, which were at one time supposed to 
be altogether dissimilar to those of Europe, and which were 
described and named as new species, no fewer than 150 have 
been ascertained by Mr. Robert Brown to be identical with 
European plants. AH such synonomy, which has been rightly 
characterized as ^' the opprobrium of science,'* owes its exist* 
ence, as has been recently well remarked by the Rev. W. 
Smith (* Microscopical Journal,' vol. iii., p. 130) '^ to imperfect 
knowledge, imperfect observation, or imperfect judgment." 

It is not, however, to the synonymy resulting from careless 
ignorance of the identity of the supposed new forms with such 
as have been previously described, that I wish to direct your 
attention at the present time ; but to that resulting from a too 
great readiness to consider every departure from a certain type 
to which a particular designation has been attached, as enti- 
tled to rank as a specific distinction. I believe that this dis- 
position has often been unduly indulged, under the idea that 
the making of new species was an acceptable contribution to 
Natural History, and gave to the maker the prestige of an 
original discoverer ; in other instances it has been favoured 
by the preconceived notion, that the plants or animals of 
newly-discovered, isolated, or little-visited localities must 
necessarily be new ; but even putting aside all influences of 
any such kind, I think it unquestiQuable that a vast multipli- 
catiofn of species has taken place, from a misappreJiension of 
the value of distinctive characters^ depending upon an entire 
ignorance of, or a very imperfect acquaintance with, the 
capacity of particular species for variation. It needs to be 
constantly borne in mind, that no general rules can be laid 
down with respect to the value of characters, that shall be of 
universal applicability* It frequently happens that in two 
groups^ closely allied to one another, characters of the very 
same kind shall be sufficiently constant in one of them to be 
qidte reliable as specific distinctions, whilst in the other they 
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are altogether valueless for such a purpose. Thus the family 
of Felines, taked as a whole, is one in which great importance 
■lay be attached to the mailings of the surface; so that, 
although the skeletons .and teeth of the various species differ 
but little from each other except in size, yet the constancy of 
these surface-markings in large sets of individuals, suffices to 
mark each set as specifically isolated from every other. We 
find, moreover, that the Felines generally are but little capable 
of adapting themselves to a variety of external conditions, so 
that each species is limited to a certain geographical area, 
beyond which it has no tendency to disperse itself, and within 
which it has no disposition to vary. But when we turn to 
the domestic Cat, we find a completely opposite state of things ; 
for we at once perceive that thie species is endowed with a 
most extraordinary capacity for variation; in virtue of which 
we not only find its constitution adapting itself to a great 
diversity of climates, of food, of habits, &c« ; but all Uiose 
namriess influences which may be included under the general 
term ^ domestication,' tend to produce a special tendency to 
want of uniformity in that very particular — the surface-mark<>> 
ing — which is so constant in the undomesticable speciesL 
Thus, then, we see that the capacity for variation, which 
seems inherent in the constitution of certain brings to the 
exclusion of others, not only enables the former to extend 
themselves, where the latter cannot foUow them, but brings 
them under a new set of influences, which themselves tend to 
increase the range of their variation. Asa general rule, there- 
fore, we may expect that a widely^difiused species should ex-* 
hibit a considerable extent of this range ; which may show 
itself not merely in obvious adaptations to diversities of 
climate and of external circumstances, but also in departures 
from what we are accustomed to regard the typical character, 
of a kind that does not seem reducible to any known opera*- 
tion of causes. 

Having for many years made this topic a special subject 
of inquiry, from its connexion with the much>discussed ques* 
tion of the specific unity or diversity of the human races, I am 
able to confirm the curious general principle long since laid 
down (though probably in too fonnal and stringent a manner) 
by Mr. Swaanson, that in every natural group, whether lai^ 
or small, there seem to be some divisions which are endowed 
with a remarkable degree of this capacity for variation, whilst 
there are others which are as remarkably, deficient in it ; and 
hence, that characters which are quite sufficient for the sepa- 
ration of species in the latter case,, must be regarded as merely 
indicative of individual variation in the former. 
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If, then, it be asked how we are to distin^ish the groups 
of ^ed from those of variable character, I answer, — in no 
other ntiode than by the comparison of large numbers of indi- 
▼idoals ; and bj bringing together the subjects of our com- 
parison frcmi the widest range of external conditions under 
which they are found to exist It is only by a very extensive 
comparison of forms, even when brought from the same 
locality, that we are justified in pronouncing a probable 
iqpimon as to their specific isolation ; so often does it happen 
that when we have chanced first to meet with two specimens 
which we should be disposed to rank as distinct species, on 
account of their obvious differences, the supposed boundary 
between them is altogether done away with by the subsequent 
discovery of osculant forms, which establish a complete transi- 
tion from one to the other, so that no line of demarcation can 
possibly be drawn between them. And when we come to com* 
pare together suites of specimens from different localities, the 
danger of error from reliance on a small number of individuals 
is still more multiplied ; since their divergent forms are likely 
to be more numerous and more strongly marked, and some of 
the intermediate links may be wanting. Even where such defi- 
ciencies exist, if we find two sets of forms manifestly tending 
one towards another, and each of them exhibiting a considera- 
ble range of variation, we shall generally, I feel sure, err on 
the right side in uniting them under a single specific designa* 
ti<Hi, rather than in ranking them as distinct species. 

The enormous multiplication of species which loads our 
systematic treatises and monographs, is in great measure due, 
I feel assured, to the neglect of this rule of comparing exten- 
sive series of individuals, and of taking particular note of the 
transitional forms. I could give you an example in which this 
has been done (within my own knowledge) to such an extent 
as, in the naming of shells from a new locality, to make three 
or four times as many species as can really be said to exist ; 
thns encumbering science with a vast number of useless de- 
scriptions, and placing those who may chance to come into 
pcissession of the intermediate forms, in the utmost perplexity 
as to the naming of their specimens in accordance (which they 
feel bound to do) with those descriptions. But I will adduce 
an illustration, drawn from a department of microscopic in- 
qoiry, to which it is known to most of you that I have paid 
ape^al attention, viz., the group of Foraminifera. Very 
early in my study of this group, which was commenced 
upon collections that were rather rich in individuals than in 
species, I came to the conclusion that it is (as a whole) pre- 
eminently distinguished by its capacity for variation ; and 
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that a large proportion of the species, and even of the genera, 
which have been distinguished by systematists, and especially 
by M. D'Orbigny, hate no real existence, being nothing 
else than individual varieties. As I purpose to commu- 
nicate the results of my researches to the Koyal Society, by 
whose liberal assistance I have been enabled to procure the 
execution of the beautiful series of microscopic drawings 
which I have exhibited to you from time to time, I am pre- 
cluded from entering into anticipatory details ; but I may 
mention that having had the opportunity some time since, of 
submitting my suites of specimens to a distinguished French 
Zoologist, and having directed his attention to a set of figures 
in M. D'Orbigny's " Fossil Foraminifera of Vienna," which, 
though there described under different names, were clearly 
proved by the continuity of my connecting series to be but one 
and the same, I asked him how it was possible for a naturalist 
of M. D'Orbigny's experience to make such blunders. His 
reply was, that the matter was perfectly simple, when M. 
D'O.'s mode of working was known ; for that, in examining any 
new collection, he set an assistant to pick out the most diver* 
gent forms, and then described all .that might prove new to 
him as distinct species, without troubling himself in the least 
about those connecting links, the existence of which should 
have at once convinced him that he was following an altogether 
wrong method. Throughout the whole of his labours on this 
group, in fact, I trace the influence of the erroneous ideaa 
which he originally entertained in regard to the nature of the 
animal of the Foraminifera; for in the formation of his 
orders, as well as of his genera and species, he has proceeded 
as if the characters of the testaceous skeleton were of the same 
distinctive value, — when its construction is due merely to the 
solidification of the surface of a minute fragment of animal 
jelly, which is subject to an almost indefinite variation both 
in size and in shape, — as when it belongs to a moUusk of high 
organization, the plan of whose conformation is definitely 
fixed. I am happy to be able to add, that having recently had 
an opportunity of comparing the results of my observations, 
chiefly made upon the Australian and Philippine Foraminif^rOj 
with those of Professor Williamson (of Manchester), which 
have been chiefly made upon British forms, I have had the 
satisfaction of finding his conclusions to accord so closely with 
mine, that I cannot entertain the slightest doubt of their 
general truth. We both of us find Uiat there are certain 
species whose range of distribution is limited, and whose form 
is remarkably constant ; but we also find that in by far the 
greater number of cases, the species of Foraminifera are dis- 
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tiribnted over very wide geo^phical areas, and have also an 
extensive geological range; and that when a collection is 
brought together containing large numbers of individuals of 
one generic type^. which appear, however, to belong to several 
distinct species, it verj commonly happens that although, it 
would be easy to make 6, 8, 12, or 20 species, by selecting the 
Biost divergent forms, yet that, when the attempt is made to 
sort the entire collection under these types, only a part of it 
can be unhesitatingly arranged around them as centres, the 
remainder being transitional or intermediate forms, for whith 
another set of species must be made, if the principle of sepa- 
ration be once adopted. In fact, to such an extent does indi«- 
vidual variation often go, that (as in the case of the human 
race) no two specimens are precisely alike ; and there is no 
satisfactory medium between grouping them all as varieties of 
one epeciei^ and making every indwiduai a species^ which is 
manifestly absurd. 

• Now it evidently requires a much greater amount of care«^ 
fnl and laborious research, thus to ascertain the specific unity 
of forms which would undoubtedly be protiounced diverse by 
a superficial observer, than to erect these into new species; 
and 1 cannot but think that he deserves better of science, who, 
by th^ painstaking collection and comparison of great nunl- 
beiB of individuals, affects a reduction in the aggregate of 
species, than he who, because he meets with a form that he 
(»nnot find to have been previously described, forthwith 
makes an addition io the vast mass already enumerated; 
without stopping to determine, by adequate research, whether 
its features of distinction are permanently and constantly 
presented, or whether they are liable to shade-off into the 
characters of the forms previously known.* 

I have dwelt at what may seem disproportionate length 
opon this topic, because I think it is one as to which every 
naturalist of the physiological school is bound to enter his 
protest, upon every suitable occasion, against that spirit of 

* Binoe the delivery of this address, I have hsd the pleasure of finding 
that the sacme thought had been previously expressed, almost in the same^ 
language, hv my friend Dr. Jos. D. Hooker ; who, in a note to his ' In- 
trodnctoiy Essay on the Flora of New Zealand ' (which notices many 
flagrant examples of the mistakes of species-makers regarding New Zea- 
land phmts\ thus remarks : — ** The botanist who has the true interests 
Of scienoe at heart, not only feels that the thrusting of an uncalled-for 
qmonyme into the nomenclature of science is an exposure of his own 
ignorance, and deserves censure, hut that a wider range of knowledge and 
a greater depth of study are required to prove those dissimilar forms to he 
identical, which any superficial observer can separate by words and a 
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f pecies^makingy which is one of the greatest obstacles to all 
tnily scientific progress, alike in systematic Zoology and* 
Botany, in the Geography of plants and animals, and in 
Palaeontology. I am happy to say that in regard to the 
particular subject which suggested these remarks, namely, 
the range of variation among the Diatamaoe(B^ I find the 
highest British authority upon that tribe, my friend Professor 
W. Smith, to be quite in accordance with me ; and strongly 
recommend an attentive perasal of his paper ^ On the deter- 
mination of Species in the Diatomaceae (^ Microscopical 
Journal,' January 1855) to all who are engaged in the study 
of that group. I would particularly direct their attention to 
his remark, tibat to adopt as specific a shape or size that may 
occur in all the individuals, however numerous, of any one 
gathering, is liable to lead to fallacious results, from the 
circumstance that all these specimens may have been pro* 
duced by self-division from a single individual ; and that as, 
in each such division, the characters of the original are 
perpetuated, a modification of the outline of each individual 
m the entire collection, may arise from some accidental cir- 
cumstance which affected that of the primordial frustule. 
Hence neither size nor outline are sufficient to mark the spe- 
cies among Diatomaceae : it is requisite to compare specimens 
from difierent localities, in order to determine with tolerable 
certainty, what is the average or typical form and magnitude 
of any species ; and its range of variation must be determined 
by a comparison of forms brought from every known habitat^ 
before the extent of departure which should be held to consti- 
tute a distinct species, can be even approximately determined. 
Thus Professor Gregory shows us (loc. cit) that under the 
general category of Navicida varians may be ranked a consi- 
derable number of forms, differing widely in shape, but seem- 
ingly tolerably constant in number of striae (the range of 
variation of these being apparently from 14 to 18 in '001% 
and the usual number being 16), which have been described 
under different specific names ; whilst there is another very 
analogous group of reputed species, but also seeming to be 
tolerably constant to a very different number of striae (their 
range of variation being apparently from 24 to 26 in '001"), 
which he proposes to designate as N. mutabilis. Now it must 
be considered an open question, to bfe only decided by the 
examination of collections from a much greater number of' 
localities, whether these two comprehensive species are not 
themselves in reality but one ; since it is quite certain that, 
there are species in which the range of variation, in the. 
number of striae is much greater than from 18^ the greatest: 
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nomber in N. variansj to 24» the least number in N.mutabilis'; 
«nd looking to the great capacity for variation shown by both 
Ibnns, the probability seems to me to be decidedly in favour 
of their specific unity. 

Passing on now to the other papers which have been read 
«ince the last Anniversary, I come to my own ^ On the Deve^ 
lopment of the Embiyo of Purpura lapilluSj' on which, of course, 
it is not for me to comment. I may, however, be permitted 
to make one or two remarks, in relation to the genend subject, 
and the methodof the investigation :*^First, that it affords 
an example of what may be done with very simple means, 
since the greater part of the inquiry was worked-ont under 
single lenses, Mr. Quekett's dissecting-microsoope having 
1>eeQ the instrument chiefly employed, and the achromatic 
compound-microscope having only been occasionally resorted 
to. for more minute examination and for verification. Secondly, 
that ^en a brief space of time may serve to do much, if it be 
well employed ; my whole sojourn at Tenby was less than a 
fortnight, and the greater part of several days was occupied in 
'die search for living Foraminifera, which were the olgects I 
had specially in view. Thirdly, that it is of great importance 
to obtain as laanj facts as possible, as a basis for reasoning; 
and to trust no more to hypothesis for the connection and explar 
nation of those facts, than is absolutely neceumry. The error 
€t my predecessors lay in imperfect observation (the most 
important period in the developmental history ha\ing been 
pa»sed-over by them), and in inventing a theory to fill up the 
biatas, which proved not only to be fundamentally erroneous, 
iN^t to have given a wrong colour (so to speak) to all their 
stati^ments of fact Now it happened to myself, that although 
I had seen quite enough to satisfy me that their notion of the 
]iroce8S was altogether erroneous, and had formed a decided 
opinion as to what was its real nature, I failed in obtaining: 
that positive assurance of its truth which alone would have 
justified me in putting it forward as an ascertained fact, until 
the very last day of my researches ; when I had the good for- 
tune to alight upon a group of Purpura-capsules, at snch a stage 
of development that almost every one of them contained yovng 
embryoes of different sizes, attached to the congluausiale 
▼itellns, and obviously ingesting its particles \ and^ these I 
was able not only to observe for myself, but to exhibit to my 
friends, who had previously seemed doubtful how far my expla^ 
nation of the mode in which the large embryoes were formed, 
was more to be trusted than that of my predecessors, MM. 
Koren and Daniellsen. I would add that any one who has 
the opportunity of paying even a short visit to any shore, on 
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whieh the egg-capsules of other pectinibranchiate mollusks 
BTe to be met with in any quantity, will do a most acceptable 
service to science, by determining how far the same history is 
common to other species ; and I would particularly instance 
the Bucdnum undatum^ or common Whelk, whose egg-Ksip- 
sules are to be found in masses upon almost every shoie 
during the spring months, and the history of whose developr 
ment, though studied by MM. Koren and Daniellsen, has 
probably been as much misunderstood and misdescribed by 
them, as I have shown that of Purpura to have been. 

With respect to the paper read at our last Meeting, <hi 
Desnddium margaritiferum^ I am in like manner precluded 
from making tibe comments which I might have otherwise 
offered, by the circumstance that its authoress, is a near 
relative of my own, and that it was communicated to the 
Society through myself. I may remark, however, that I 
preferred that it should come before the Society In its ori- 
ginal simple form, rather than myself work it up into a more 
formal and systematic memoir ; because I considered it to be a 
good example of a style of contribution to Science which is 
much needed, and which it is within the power of even the 
unlearned microscopist to furnish, provided only he be com- 
petent as an observer, and truthful as a narrator of facts, — I 
mean a simple record of observations upon single types of 
structure, carried on over a long period of tmae, so as to aid in 
the determination of the changes which they presoit in the 
course of their development. This is particularly needed with 
regard to the whole group of Infusorial Animalcules, our 
knowledge of which may be said to be only in its infancy ; 
for notwithstanding the industry with which these objects 
have been studied by Professor Ehrenberg, and the prestige 
be has acquired with the public as the highest authority in 
regard to them, yet it is progressively becoming more and 
more evident, that the whole of the great fabric which he has 
erected rests upon a most insecure foundation, and that the 
Anatomy, Physiology, and Systematic arrangement of the Infu- 
soria, need to be restudied completely ah initio. For, in the first 
place, there can be no doubt whatever, that a large proportion 
of the so-called infusory animalcules belong to the vegetable 
kingdom, and that a' great number of the species described 
by Professor Ehrenberg and other observers of the same class; 
are but different phases of development of one and the same.* 
Further observation will doubtless lead to much additional 
light upon this subject, many parts of which are still wrapped 

♦ See, for example, Cohn's ' Memoir on the Natural History of Proto- 
coccus pluvialiB^^ published by the Ray Society, 1863. 
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in deep obscurity ; for it can scarcely be doubted that tnaoj of 
the animalcule-like bodies, such as the Volvocince^ whose 
vegetable nature has been made known to us by observation 
of certain stages in the history of their lives, are but the 
motUeformi (zoospores) of some other plants, whose relation to 
them is at present unknown. Hitherto it has been commonly 
thought sufficient to trace the history of any of these bodies 
from their first production by binary subdivision, or some 
essentially-equivalent process (gemmation), to the repetition 
of the same process by themselves, which was considered as 
terminating their life as individuals; and neither was any 
depaoture from this simple plan of reproduction, nor the 
origination of a new and dissimilar form in any part of the 
senes, at all anticipated. But now that we have juster views 
of the real analogies (or, more properly, homologies) of these 
simple plants, it becomes evident that the multiplication of 
cells by binary subdivision, or by any kind of outgrowth, 
really corresponds with the multiplication of elementary parts 
in the embryo of any one of the higher plants or animals ; 
and that the almost indefinite increase which may thus take 
place, is really the growth of the vndimdual^ which will at last 
take on a new phase, sexual organs being evolved, and a true 
process of generation (essentially consisting in the reunion of 
the contents of two cells, by conjugation, or some equivalent 
act) being performed by their instrumentality. The life of 
the individual, as I long since maintained, and as is now coming 
to be generally admitted, includes the whole series of pheno- 
mena which intervene between one act of generation and 
another ; and this series of phenomena may include the pro- 
duction of two or three very distinct and apparently unrelated 
forms. Hence until we have traced out this history in regard 
to every distinct type of animal and vegetable life, we must 
not only consider our knowledge of it to be essentially incom- 
plete, but we must also admit the probability that a vast 
number of our reputed species have no real existence. Many 
distinguished German and French observers* have recently 
been devoting themselves to this kind of inquiry, singling out 
a few specific forms, and endeavouring to trace these through 
all their phases of development ; and the success which has 
already attended their endeavours, is the best encouragement 
to more extended labours in the same direction. 

* See especially the Memoirs of Professor Sidn, in ' Weigmann's 
Arddv.,' and in * Siebold and Kolliker's Zeitschrift,' and his recently, 
pohlished work, ' Die Infusionsthiere,' which embodies the preceding ; 
also M. Jules Haime, on Trichoda lynceus^ in ' Ann. des Sci. Nat./ 3* S^r., 
Zool., torn. xix. 
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In this work I am extremely amdobs to engage the active 
co-operation of the Members of our Society. I cannot but 
feel that a great deal of excellent microscope pawer, if I may 
ose the expression, b running to waste. Of the excellence 
of our instruments, it is quite unnecessary for me to speak. Of 
the acute powers of observation of a large proportion of the 
possessors of these instruments, I am equally well assuredL 
Yet if we look at the comparative products of England and 
Germany, in the field of sound microscopic observation, we 
cannot but feel that there is some ground for llie sarcastic . 

obsenration of Professor Schleiden, that the English cannot I 

possess good microscopes, since their contributions to minute ' 

1x)tanicail research have been so trifling. I would not be thought 
unmindful of the many admirable memoirs and monographs, 
which may challenge comparison with those of any other 
country ; they are excellent as far as they go ; but I am san- 
guine enough to believe that these could easily be multiplied 
tenfold, if those who spend their time in desultory observa- 
tions, and in merely looking at some favourite objects over 
and over again, w(mld but concentrate their attention upon 
some' particular topic, and work out this with patience and 
perseverance ; and I am not, I think, too ambitious for the 
honour of our country, or too eager for the promotion of true 
Science, in urging the Members of this Society, that thej should^ 
both individually and collectively, aim at so worthy an object. 
I would assure you from my own somewhat lengthened expe- 
rience, that the microscopist who applies himself to work out 
some particular class of observations, on which he concentrates 
hii chief attention, finds it gradually become to him an object 
of such attractive interest, that he experiences a zest in th4^ 

rursuit, to which the mere dihUarde is an entire stranger ; ancl 
feel confident that it is only by the assumption of some 
systematic guidance as to what and how to observe, that the 
influence of our Society will be most beneficially exerted m 
the promotion of microscopic research, and its own highest 
prosperity be most effectually secured. 
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An Account of Mr. Peter8*s Machine for Microscopic 
Writing. By R. J. Farrants, Eiq., F.R,CS. 

(Read April 25th, 1855.) 

Most of the Membera of the Microscopical Sodetj are an- 
ckmbtedlj acquainted with Nobert's lines, and have probably 
considered with astonishment the wonderfully-minute move- 
ments which must have been effected in producing them. 

Very beautiful specimens of microscopic writing, alsp by a 
foreigner, Froment, of Paris, have, I believe, also been exhi- 
bited in this room. I am not aware that any account has been 
published of the manner in which the results are attained. 

It is satisfactory to be able to state that these interesting 
productions of our continental neighbours have been at least 
equalled by means of a machine, entirely contrived and prin- 
cipally constructed by a gentleman of our own country, Mr. 
Peters, the banker, who is also a distinguished member of the 
Microscopical Society : he makes no secret of the manner in 
which his marvellous specimens are produced: on asking 
leave to lay before this Society an account of his wonder- 
working machine, and the manner of using it, permission was 
at <mce most liberally given ; and that the description may be 
the more intelligible, he has kindly allowed the machine itself 
to be placed on the table. Being thus enabled to point to 
the machine, the need for accurate drawings of it, is in a great 
measure superseded ; still, some figures have been prepared 
with a view to render the details of its construction more easy 
of comprehension : these, however, are diagrams merely, and 
have no pretension to be considered drawings of the inst^- 
ment. 

The machine had its origin in the following circumstance : 
Mr. Peters, having been shown some microscopic writing, 
executed, I believe, by Froment, of Paris, expressed his belief 
that he could produce writing as small : this opinion was re- 
ceived with extreme incredulity ; Mr. Peters, however, feeling 
confident of the sufficiency of his plan, determined to test it 
by actual trial : the result is a machine capable of executing 
and recording movements of almost inconceivable minuteness : 
with it, in its present condition, Mr. Peters has written '^ The 
Lord's Prayer,*' (in the ordinary writing character without 
abbreviation or contraction of any kind) in a space not exceed- 
ing the one hundred and fifty thousandth, 1-1 50,000th of a 
square inch. There are in this specimen six lines of writing ; 
the length of the sides of a parallelogram, to include the whole, 
would be l-250th and I -600th of an inch linear: the area so 
included is (1-250 X 1-600 ») l-150,000th of a square inch : 
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the height of the letters is 1-10,000 of a linear inch, so that 
the space occupied by the letters a ox n, or such as are about 
as wide as they are high, is no more than l-100,000,000th, 
the hundred millionth of a square inch. 

In examining the construction of the' machine, it will be 
convenient to consider, ^rx^. The Frame or Standi and then 
THE Mechanism; referring in succession to (1) the arranger 
ments for transmitting and diminishing motion; (2) tlipse for 
controlling and directing the movements ; (3) and lastly, the 
contrivances for preserving traces of those movements which it 
is wished to record, so that they may be viewed with the 
microscope. 

The Stand. A rectangular table of mahogany, 18 in. by 
10 in. superfices, and about an inch thick, constitutes the base 
{A); to the surface of this is fastened a stout plate of brass, 
of nearly the same size {B) ; near each comer of this is fixed 
a brass column (C), a little more than an inch diameter, and 
31 inches high. The four columns support a stQUt bra^s plate 
{JD)y 15 in. by 7^ in., on which stand four smaller columns 12 
inches high (w^, they support another stage (i^ 10 in. by 4 
in., to which the princip^ part of the mechanism is attached. 

The Mechanism : First Machine constructed in 1852. In 
the simplest form of the machine, a vertical rod connected 
pear its superior extremity ((?, 6g. 1), with the upper brass 
plate (iF, fig. 1), and extending from it nearly to the base, 
constitutes a simple lever of the first kiml (G H^ fig. 1), 
whose arms are in the ratio of 1 : 125 nearly. The rod tapers 
downwards, its diameter diminishing from an inch to a quarter 
of an inch, or thereabouts : this form pf jrod has been Ibund 
the most steady and least liable to tremor. It is connected 
with the upper stage (if^) by means of two copcentric rings : 
the outer one (/) is firmly fixed to the brass plate : the inner 
one (•/) is connected by horizontal pivots with the outer ring, 
and with the vertical rod ((?); the axes of the two pairs of 
pivots being at right angles to one another : by this connexiop 
rectilinear motion in one direction is permitted by the move- 
ment of the rod {G) on the pivots of the inn^ir ring (•/"), a 
similar motion at right angles to this is effected by tlie move- 
ment of the inner ring (•/) on the pivots of the outer one (/) ; 
by a combination of movements determined by tl^ two axes, 
motion in any direction, rectilinear or curved, is attainable. 
Every movement of the lower end of the rod {H) is repeated 
by the other end (Cr), diminished in extent, and reversed in 
direction. With a machine thus consUiicted, the diminishing 
p)wer is about 125 times, linear ; that is to say, a line one inch 
in length traced by the lower end of the rod, will give at the 
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other end a Man only l-125th of an inch long, >o that the 
space occupied by any writing exe«nited wilh this machiiM 
will be 125* or 15,635 timet less than that in which the writing 
is traced by the hand. 

Fig. 1. Fig. a. 



In the ymentform of the machine, it* power is much io- 
creaKd bj the substitution of a compound lever (G H, fig. 2) 
fur the simple one just described. This i> done in the following 
manner : — The original rod having been cut through a little 
above the first stage, the lower portion is attached by iu upper 
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end {K) to the Inrast plate (Z>) by two ccmoentric rings {L M) 
in the waj already described ; the upper portion (Cr) remains 
attached to the upper stage {F) as at first, but is shortened by 
cutting off apiece from its lower end {N) : into the space thus 
caused between the two parts (N K) of the original rod, there 
is introduced* a piece composed of two short rods (JP O and 
O Q), united by a univexsal joint (O), similar to those by 
which the two portions of the vertical rod are connected with 
the two stages. Each of the free ends (P and Q) of this 
jointed member is made to slide truly and smoothly in bear* 
ings supplied to the cut ends (£' and iV^) of the divided rcxl, 
so that the position of the joint (0) may be varied at will : its 

flace having been determined, it is fixed by means of a screw 
R\ the end of which is made to press against one of the 
sliding-pieces (O Q) ; and now, instead of a single lever con^ 
sisting of a simple vertical rod {OH, fig. 1), there are two 
levers {O O and O Hy fig. 2) united by a moveable joint (O). 
The first lever, extending from the base of the stand to the 
joint, has all that portion below the pivots on which it is sus- 
pended for its long ann (K H)^ while its short arm (JT O) 
extends from the same pivots to the joint (O), and varies there* 
fore in length, which is determined by the position of the 
joint. The second lever, extending from the joint (O) to the 
upper end of the combination {Z)^ has for its short arm ail 
above the pivots connecting it with the upper stage ; its long 
arm {G O) consists of the portion between the same pivots 
and the moveable joint (O), the position of which determines 
the length of that arm. Thus it is seen that the short arm of 
the first lever {K O) and the Long arm of the second one (O G\ 
vary in length with different positions of the moveable joitit, 
while the effect of their altered relations is always in the same 
direction. 

With this combination, any movements of the lower end of 
the rod (£, fig. 2) are repeated, the direction reversed, and the 
extent diminished, at the end of the short arm of the first 
lever ( O), that is at the joint ; the motion is there transferred 
to the lon^ arm of the second lever, at the end of the short 
arm of which (Z)^ the direction is again changed, and the ex- 
tent a second time diminished. 

The amount of diminution which the machine is capable of 
effecting, ranges from 110 to 6,250 times linear : these limits 
are determined by actual trial ; thus, if a square be drawn, the 
sides of which are 5 inches long, the length may be reduced 
to the 122-nd of an inch, that is 110 times, or it may be dimi- 
nished to l-1250th of an inch, or 6-250 times. An arrange- 
ment of the levers, such that the arms are in the ratio of 12 : 1 
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rorUiefint(^iir: KO),mi9i 1 for the second ^O C? :& Z;, 
will diminish 108 times linear ; an arrangement m which the 
anna of the first lever are in the ratio of 500 : 1, and those of 
the aecxuid as 12 : 1, will have the power of diminishing 6,000 
times linear ; and though it is not easy to determine exactly bj 
measurement the effective length of the different members of 
the combination, it is believed that these proportions are not 
far from the truth. By these adaptations, the transmission 
and diminution of motion are provided for. 

Contrivances for eontroUvug and directing tJie movements^ are 
next to be noticed. It is manifest that the free end (JS) oi a 
lever suspended in the way described would move in the arc 
of a circle : to obviate the inconvenience of writing on a con- 
cave surface, and at the same time to provide for a greater 
freedom of motion to the pen or pencil, the lever is continued 
to the sur£M» of the base of the stand by means of a rod (^S\ 
which passes into the lower end of the suspended tube {H\ 
and is connected with a second short rod (T U) by two pairs 
of rings ( V)^ each pair joined together in one plane, and all 
moving on horizontal pivots, so as to maintain exact parallelism 
of the two rods, while the second one (7 27) is allowed to 
move freely in a vertical direction : the second rod has at its 
lower end a joint (27), connecting it with a short arm which 
carries a split tube ( W) for holding a pen {X) or pencil ; by 
means of this joint the pen may be made to have any inclina>- 
tion from the perpendicular ; an adjustment in azimuth may 
be made by turning the rod (/S) in the vertical tube {H) : it 
may be fixed in any position by a screw {Y) brought to press 
against it : this arrangement allows the pencil to move freely 
over every part of Hf surface of about 5 inches square, within 
which space it is perfectly under control, and on the surface of 
which any writing or design may be conveniently traced. 

A brass frame about 5 inches square is attached to the centre 
of the plate which covers the base of the stand, by four screws 
•with milled heads, one at each comer; after loosening these 
screws, a card may be placed under the frame, and the screws 
being then tightened, it is held firmly in its place without any 
further attention on the part of the person using the machine. 
Regiitry of the diminished design. — Tracings of the dimi- 
nished movements are received on glass, that material affords 
ing the greatest facilities for the use of the ini<nroscope in 
examining them. The distal extremity of the combined levers 
is therefore armed with a diamond point, and in order that it 
may act upcm the upper surface of the glass, the vertical rod 
is connected with one end of a horizontal arm (A), from the 
other end of which a piece {p) at right angles to it rises to 
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the hei^t of about 3 inches ; the upper end of this' piece U 

>plit to receive another horizontal DTm {a), at the free end of 

which i> the diamond {d), with the point downwards, and lo 

p. adjusted that it is in the axis 

of the combined levers. 

As, however, the end to 
be attained is the registering 
(not of all the movements 
made, but) of those move- 
ments only which form the 
writing or design, the opera- 
tor is provided with the 
means of suspend ii^, resum> 
ing, or continuing the action 
of the diamond at pleasure. 
Two uprights (1, fig. 3 and 
fig. 4) are fixed near opposite 
edges of the upper stage 
(i^), each having a borizon- 
.,tal pivot (or they may be 
connected by n horiztmtal 
piece with a knife edge up- 
wards) : on the pivots ('i), 
(or the knife edge) is hong 
a thin flat plate of brass (3) 
of sufficient size to hold a 
glass slip of the ordinary 
dimensions, 3 in. by 1 in. ; lb 
one of its ends is fixed a 
steel wire (4) with a screw 
rut upon it, on which a small 
brass weight (5) with an in- 
terior screw is placed: near 
one of the lateral edges of 
tlie plate two small pins (6, 
Gg. 4) project a little above 
its surface : near the opposite 
edge is a spring (7, fig. 4), 
which presses the glass slide 
against the two projectii^ 
pms, while one of its ends 
comes up to the ezbemity 
of a screw (8), which can be adjusted so that the centre of tbie 
glass be brought under the diamond point (Z) : when the slide 
has been placed on the holder and properly adjusted, the weight 
(5) is to be moved on the screw dll it accurately balances the 
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glass, which shooM just toacb, but not be pressed aguDst the 
dumond. Under the glass holder (8) is a weak spriag (9) 
Bttached to a short arm (10), which is connected bj a hinge with 
a little pillar (11) fixed to the upper stage {F) ; under this arm 
is another shorter hat stronger Bpring (12), which, yielding to 
the action of ttny force depressing the arm (10), restores it to 
its place on the action of the force heii^ discontinued. From 
the free extremity of this arm a wire (13) proceeds to the base 
of the stand, where it is fastened to a lever (14), which is at- 
tached to the lowest brass plate (J?) by a hinge (15), which 

Fig. 4. 



allows of motion only in a vertical direction *. when the end of 
this lever (14) is pressed down, it draws down the extremity 
of the arm (10), carrying the spring (9) which is then brought 
to act Qpon the glass holder (3), pressing the glass upward 
agunst the point of the diamond (Z) ; a spring ^16) under 
the lower lever (14) causes it to return to iU position when 
the pressure is removed. Two screws (17, 18) pass through 
this lever, by means of which the extent of its movements, 
and conseqoently the pressure of the spring (9) under the glass 
holder (3) are r^ulated. One of these screws (18) serves to 
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limit the upward movement of. the lever : this is eiJTected by 
Qieaiis of a moveable nut (19), above the arm, which can 
be placed in any required position ; the other screw (17) is 
for regulating the pressure against the diamond ; it admits of 
its end (20) being fixed at such a distance from the brass plate 
{B\ as to allow of any required extent of depression of the 
lever : it is obvious that the more this is depressed, the lower 
does it draw down the arm (10), carrying the spring (9), and 
the stronger therefore is the pressure of the spring against the 
glass^ By connecting a second lever with the spring, and 
allowing one to be depressed more than the other, two different 
degrees of pressure against the glass may be secured^ and the 
diamond may thus be made to give marks of different depths 
and thickness, so that writing may be produced with fine up^ 
strokes and thick down-^rokefj as in writing with a pen. 

It is unnecessary to do more than allude to the excellence' 
of the work, and the perfect action of the mechanism. These 
are manifested by the fidelity with which the smallest move- 
ments are transmitted and recorded, every such movement, it 
will be remembered, having to be transmitted through three 
joints with two sliding-pieces ; each of these joints must 
admit of free and easy motion in every direction, while all 
tremor, or other movements than those directed by the will of 
the operator, must be precluded. How completely the 
object is accomplished is within the personal knowledge of 
many gentlemen present who have themselves had the oppor- 
tunity of testing the capabilities of the machine. Were other 
evidence necessary, reference could be made to the eminent 
President of this Society (Dr. Carpenter), who, on a first trial 
of the machine, produced an inscription of three lines in lesa 
than the l*10,000th of a square inch. Of this space the 
signature takes up not more than one-third, or less than 
l-30,000th of an inch ; the small letters of the writing are 
but l-1150th of an inch high; yet, notwithstanding its 
minuteness, the characteristic peculiarities of the autograph 
are unmistakable. 

The securing of a good diamond point is a matter of first 
importance : preference is given to a turned point, as a natural 
splinter, though it gives fine strokes, does not mark equally 
well in all directions. These points Mr. Peters prepares 
himself with the same skill and delicacy of touch shown in 
the construction of the other parts of the machine. 

In- using the machine both hands have to be employed. 
While the right hand guides the pencil {X)j the other is en- 
gaged in managing the lever (14) by which the action of the 
diamond is governed. Attention is necessary to insure the 
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veqoiftite presiure when any moTement is to be roistered, and* 
to withdraw it while any other movements are in progress; 
for it mast be remembered that all movements made by the; 
pencil^ whether there be corresponding marks on the card or 
not, are traced on the glass so long as it is pressed against the* 
diamond ; and, on the other hand, though the design be care- 
folly and accurately marked on the card, there will be no> 
trace of it on the glass unless the lever has been properly^ 
employed. 

The object of this paper is to give.a brief, but it is hoped, 
an inteUigible account of the construction- and manner of. 
using a machine which has excited much interest, and not to 
consider the purposes to which its ingenious adaptations may 
be applied. At present the machine has been used almost 
solely for microscopic writing ; it is not, however, to be con-- 
eluded that it can be used for nothing else. If, for example,- 
the pencil, instead of being guided by the hand only, were* 
directed and restrained by mechanical appliances, and the* 
amount of the movements regulated by a screw or otherwise, 
there seems no reason why the productions of Nobert should 
not be rivalled. There would be little practical dij£culty in^ 
causing the pencil to trace straight and parallel lines : regular ^ 
distances of 1- 100th of an inch are attainable. The power of 
the machine would diminish these intervals 6,000 times, so^ 
that a series of lines l-600,000th of an inch apart would be' 
attainable. Whether a point could be got sufficiently fine to 
trace lines so close together, or any surface to receive them, 
may be questioned. If, however, such close ruling as this is 
impracticable, the limit would seem to be supplied by the 
want of a material to receive the tracings, and not to result 
from the insufficiency of the machine to execute the movements. 
Perhaps the machine might be made subservient to accurate 
dividing in the preparation of micrometers, &c., as by its 
means, errors or inequalities admit of being almost indefinitely 
diminished. 



On the iLLUMiNATioNof Objecths. by Polarized Light on a 

Dark Iield. By John Furze. 

(Read April 24th, 1855.) 

Allow me to call the attention of the Society to a method of 
viewing objects with the microscope, which is, I believe, novel 
in its arrangement, and no doubt admits of greater improve- 
ment than it has yet received at my hands, from the want of 
sufficient time and opportunity to devote to that purpose. 
The phenomena of polarized light have long added a charm 
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to the ordinary developments of the microscope ; and the 
brilliancy of colour resulting from its action has fixed the 
appearance of many an object in the mind of the observer, 
which, by ordinary light, would have made scarcely any mental 
impression at all. 

But with the advantage of attractive appearance two great 
defects were constantly perceptible : one, the impossibility of 
transmitting the light through structures of more than a cer- 
tain density ; the other, that although the differing densities 
of structure were separated by it, the definition of these were 
disfigured in some cases, and iost in others. 

It therefore became obvious that if objects could be illu- 
minated by polarized light, in such a manner as to give the 
structure a stereoscopic effect, by a due contrast of light and 
shadow, causing the object to appear as if in relief, great 
benefit would result from the application, as giving a clearer 
development of the form and constitution than had before been 
obtained. This expression at once suggests the dark-ground 
illumination, which some of our Members have so largely im- 
proved by various useful adaptations. I have found it pre- 
ferable to use for this puipose a plano-convex lens, three-fourths 
of an inch in diameter. This fitting is of so small a size that it 
can be adapted to almost any instrument. An illuminating lens 
thus constructed will show intended objects on a black ground 
through the low powers, and should be arranged with a 
system of both central and external stop, each revolving on a 
separate axis, as generally supplied. JLf we now put an ad- 
justable cap on to the top of the lens, containing a crystal of • 
Herapathite mounted between thin glass, and a plate of Selenite 
(also mounted on thin glass) above it, we shall find that ob- 
jects of too great density for transmitted light, will appear, 
under this illumination, as if in relief; and not only will the 
varying density of the structure be most beautifully displayed, 
but the definition of the different parts will be wo accurately 
given as to constitute a perfect method of viewing the object. 

I do not profess to write a long article to engage your 
attention here ; but I would fain occupy some portion of your 
lime at home in perfecting this arrangement, which, in my 
opinion, is most conducive to truth in microscopic analysis, 
and which will amply reward (as well in the highest as in 
the lowest sense) the careful labours of those who sympathise 
with me in the delights arising from those researches which it 
is the peculiar province of this Society to encourage and to 
stimulate. 
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THE FIFTEENTH ANNUAL MEETING 



OF THE 



MICROSCOPICAL SOCIETY. 



The Microscopical Society of London held their Fifteenth 
Annual Meeting, February 28th, 1855, — Dr. Carpenter, 
President, in the Chair. The Assistant Secretary read the 
usual Reports of the Council and Auditors, which showed 
the Society to be in a very satisfactory state of progress : the 
balance-sheet is given on the following page. The ballot 
then proceeded for the officers for the ensuing year. 

Re-elected. 

President .... Dr. Carpenter. 
Jh-easurer . . . . N. B. Ward, Esq. 
Secretary .... J. Quekett, Esq. 

New Members of Council 

J. N. Furze, Esq. 

H. Perigal, Jun., Esq. 

Rev. J. B. Reads. 

J. B. SiMONDS, Esq. 

In the place of 

G. Blenrins, Esq. 

Dr. Lankester. 

G. Shadbolt, Esq. 

J. Ingpen, Esq. {deceased). 

The President then delivered the Annual Address, reported 
at page 37. 

VOL. III. / 
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ORIGINAL COMMUNICATIONS. 

On the Enlarobment and Multiplication of the Images of 
OBjECTOy when mewed by the Light admitted through snudl 
Apertures; and on the Diascopb, a new Optical Listrumetit. 
By John Gorham, M.R.C.S.L., &c. 

{Continued from Voi. II. ^ page 234.) 

It has been before noticed that less attention has been 
bestowed upon the investigation of objects that lie near at 
hand, within an inch or two, we will suppose, of the eje, than 
upon objects which are placed at a considerable distance from 
it, that, for example, of as many furlongs. I have also endea- 
voured to show that small circular perforations made in a 
card, and rendered semi-transparent, constituted in themselves 
objects well adapted to illustrate the magnifying power of short 
spaces, by presenting a rapid and palpable enlargement of 
the visual angle to the eye ; and, lastly, a series of phenomena 
has been described, which resulted from viewing small figures 
held close to the eye in front of such apertures, and renderet) 
visible by the light admitted through them. 

The whole subject arranges itself therefore under two dis- 
tinct divisions, which comprise : — 1. An examination of the 
images formed by viewing objects held in front of small aper- 
tures ; and 2. An examination of those images which result 
from placing the objects behind the apertures. 

1. Of images formed when the eye and the object are both 
on the same side, that is, in front of the apertures. 

We have already seen that when bodies not exceeding the 
diameter of the pupillary opening of the eye are held in close 
proximity to the visual organ, and are then examined by the 
light admitted through small inlets about the fortieth of an 
inch in diameter, their images become magnified^ multipKedy 
and inverted; and further, that they are illuminated with light 

VOL. III. B 
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of an intenaily varying with tfae number of apertures employed 
to render them visible. 

This light, be it obseired, Is always Bimpty traosmitted; 
never being reflected nor refracted by the intervention of 
glass, or of any otber substance having catoptric or dioptric 
effects. The apparatus required in these experiments there- 
fore is -essentially very simple and uncomplicated, consisting 
indeed of a mere short tube open at one end, and having a 
plane, perforated with small holes to admit the light, at the 
other ; while the object to be examined is applied at the open 
end, and held as close to the eye as possible. Hence a pill- 
box and a narrow slip of glass constitute all that is really 
necessary to explain the laws which are in operation, and to 
give an idea of the phenomena which are involved in tbeir 
successful application. 

From the remarks made in a previous section, it is obvious 
that these phenomena are owing to the tize, and to the 
itOgrvals of the apertures themselves, aod to tbeix dittatice with 
respect to the eye. Thus their size should be the one-fortieth 
of an inch, — their intervals the one-tenth of an inch, — and their 
distance from the eye from one to two inches. If these con- 
ditions are not fulfilled, the images become eitlier undefined 
or dimly illuminated; but when they are strictly observed, the 
combinations, which an Instrument constructed upon such prin- 
ciples is capable of presenting to the eye, are very beautiful. 

But a mere tube of pasteboard, however well it might 

answer for a first experiment, is iuefficient, for it is difficult 

to retain the slip of glass in its proper position between the 

tube and the eje. It was essential therefore to construct a 

J- ,^ small instrument of some more sc4id 

and durable material, such as wood 

or ivoij, with which experimcitts 

might be conveniently performed. 

This instrument consists of a tube, 
T, one or two inches long, and about 
one inch thick, expanding at the end 
to which the eye is applied into a 
circular Up, L, which is about one 
inch and a half in diameter, while 
that of the round opening in its centre 
is about half an inch. This end is 
provided with a slit suffici^itly lai^ 
to permit a thin narrow slip of glass, 
about an inch broad, to slide easily 
through it, as shown in the figure. 
The other end has a circular rim, K, 
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which revolves in the groove, G, and to this rim is attached 
a second rim, r, which is provided with a female screw, and 
this secures anj circular plane of apertures, 27, we may choose 
to insert, at the same time that it admits of its revolution. 

A series of objects, either painted or mounted on glass slides, 
can thus be examined at one end bj the light admitted through 
perforated planes at the other. As such an optical contrivance 
is a mere conductor of the light directlj from the apertures to 
the eye, while at the same time it excludes all the extraneous 
rays, it may not inaptly and for convenience' sake be denomi- 
nated a diascope: a term derived from the two Greek words, 
Sia, through, and axvuwy I view. And when it is used for 
the purpose of multiplying images, it may be called the mul- 
tipfyjnff diascope. 

The circular planes containing the apertures are made of 
thick pasteboard, perforated with a needle at intervals of the 
one-tenth of an inch as before stated ; and the openings may 
be airanged in a variety of combinations, as shown in the 
patterns from one to six, page 225, of the last paper. 

Here let us notice that the round form of the images, de^ 
picted on the retina when examining small apertures in this 
way, is determined by the shape of the pupillary opening of 
the eye rather than by that of the apertures themselves. 
Hence it is always circular whether these be rounds triangular^ 
square^ or altogether irregular in outline. This can easily be 
proved by perforating cards with triangular or square needles. 
The openings thus made when brought very near to the eye 
always appear circular. A little reflection will show that this 
is a necessary result, inasmuch as the outermost rays of the 
rapidly-diverging cones are intercepted by the im, while the 
more internal rays pass on through the pupil, thus receiving 
their circular form. 

Hence if the pupil be widely expanded the discs will be 
large, and vice versd^ but nevertheless always perfectly round. 

Let us now take a circular plane, presenting a combination 
of perforations arranged as to colour and relative position as 
in the outline, No. 4, page 225, of the last paper ; and let 
us notice what kinds of images are presented to the eye when 
small bodied are examined by the light transmitted through 
them. 

Holding the instrument to the eye with a view to examine 
the apertures, we observe that the smallest particle of dust, or 
film of mucus, happening to exist on the surface of the 
transparent cornea, is immediately detected ; and although 
such bodies have no definite shape, they are to be recognised 
interfering with the transparency of the discs, and forming an 
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opaque spot or streak which occupies exactly the same posi- 
tion in each. Similar results are obtained if a small dot, no 
bigger than a pin's head, be made on a slip of glass with 
Indian ink, and introduced into the eye-piece of the diascope. 
The dot now appears multiplied, and as many images of it are 
seen as there are apertures by which it is made visible. 

In like manner if a small semicircle be painted on glass, its 
images will be multiplied, but each image will be seen in- 
verted, and will appear as a black body on an illuminated and 
coloured ground. 

And if a small triangle, or any other figure of definite 
shape, be cut from a piece of black paper, and if the openina 
thus made be examined in the same way, a number of illumi- 
nated and coloured triangles will be seen on a black ground. 

It is when transparent figures are made according to this last 
method that really beautiful combinations may be produced. 
But here, in order to insure success, it is necessary that the 
transparent openings should never exceed in size the pupillary 
aperture of the eye, fig. 16. Hence they should always be 
made within the limits of a circle, the 0*18 of an inch in 
diameter, fig. 15 ; this being the mean of the greatest and least 

Pig. 15. Pig. 16. 

o o ■ 

expansion of the pupil. If such transparent figures are made 
greater than this, the margin of the pupil will obstruct some 
of the external rays, and the outline of the image will thus be 
lost or badly defiined. If, on the other hand, they are less, the 
quantity of light admitted into the eye will be too small, and 
the images but feebly illuminated. 

Such openings used as objects are to be considered as little 
else than artificial pupils, modifying the shape and contracting 
the size of every cone of light which is admitted into the eye 
from small apertures. 

When one of these transparent openings is held close to the 
eye, and examined with common diffused light, it becomes 
altogether invisible ; but, when it is viewed by the aid of a 
pencil of light from a small inlet, its outline is well defined 
and much magnified ; and the disc of the inlet, which would 
otherwise be circular, is replaced by the pattern we may 
choose to give to the transparency* 

And if the pupil of the eye itself, obliterated, as it often 
is, from disease, have a small portion excised from it, as in 
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the operation for artificial pupil, the newly-formed opening 
will appear inverted and multiplied in the same way ; and 
each image, instead of being circular as it is in the healthy 
eye, will be seen to resemble the figure of the new and dis* 
torted pupil. 

But in order to demonstrate the images which this instru- 
ment is capable of presenting to the eye in the most satisfac- 
tory manner ; instead of cuttii^ holes in pieces of black paper, 
a series of figures having a transparent body and a black out- 
line may be painted on glass with Indian ink. For this 
purpose round patches of ink, about the size of a fourpenny 
piece, should be laid on the centre of each glass slip with a 
camelVhair pencil ; and, when dry, transparent figures of the 
Inquired shape and dimensions can easily be made by erasing 
a portion of the ink with a finely-pointed and slightly-moist- 
ened wooden style. 

The forms of such transparencies will suggest themselves 
to the ingenuity of the reader, but a few are subjoined by way 
of example (figs. 18 to 33)^ 



Fig. 18. 19. 
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Fig. 26. 27. 
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29. 



30. 



31. 



32. 



33. 



Fig. 18. Regular hexagon. 

19. Hexagonal star. 

20. Rhomb of 60°. 

21. Carved triangle. 

22. Ditto. 

23. Trefoil. 

24. Circle. 

25. Concentric circles. 

26. Triradiate star of 120°. 

27. Straight lines intersecting 
at 60°. 
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Fig. 28. Two semicircles. 

29. Triangle and semicircle. 

30. Curved and straight lines 
intersecting at 60°. 

31. Three lines intersecting at 
60°. 

32. Two curved lines inter- 
secting at 60°. 

33. Two angles of 60° inter- 
secting. 
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Such forms arrange themselves into two groups ; those, for 
instance, which are entire in themselves, and which constitute 
elegant designs by their multipUcatian and the shifting of 
their relative position (figs. 18 to 25), and those again which 
are imperfect figures, but which produce entire compositions 
of great beauty by their combination (figs. 26 to 33). 
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As the apertures are arranged in lines which cross each 
other at angles of 60^ and 120^, the outlines of the transparent 
figures should bear the same angular relation. Thus the 
modifications of the equilateral triangle, the rhomb of 60^ and 
120 \ and the regular hexagon, a few of which are given in the 
above examples, are well suited for the purpose. 

When a transparent hexagonal star (fig. 19), slid into the 
eye-piece of the instrument and brought close to the eye, is 
examined by the light admitted through a combination of 
apertures, that, for instance, marked No. 4, at the 225th 
page, placed at the other end, the images of a number 
of stars are apparent. These stars are seen to change their 
relative position with every movement, however slight, of the 
revolving plane. Sometimes they are observed to touch each 
other by one ray, at others by two, while in intermediate 
positions the rays alternate. The patterns which are thus 
formed are as variable as the parts into which a circle can be 
divided. They are shown in two of their phases of revolu- 
tion in the 4th and 5th figures of Plate VIII., Vol. II. 

The concentric circles, fig. 25, thus multiplied display 
themselves with good effect. Their appearance is represented 
in the 6th figure of Plate VIII., which is produced by using 
the arrangement of apertures marked No. 5, page 225. 

But the combinations effected by the mutusd coalescence of 
the images of the imperfect figures into one entire composite 
form are the most curious. Thus if the three-rayed star, 
fig. 26, be examined, its images will be seen eitiber to ailter- 
nate (fig. 9, Plate I., Vol. HI.), or to resolve into one hexa^ 
goaal reticulation with a dot in the centre of each mesh, as 
shown in fig. 10, Plate I., Vol. III. And the images of llie 
figure, composed of the straight and curved lines, fig. 30, unite 
into many fresh devices; two of which are copied in the 
figures 7 and 8, Plate I. 

But it is needless to multiply examples, as those which have 
been already given will doubtless have sufficed to explain the 
construction of the instrument, and one of the purposes at 
least to which it may be legitimately applied. 

Hitherto we have confined our attention chiefly to the mul- 
tiplication of the images of artificial objects prepared expressly 
for the purpose, and viewed by the aid of the light admitted 
through small apertures. 

We are now to consider how the images of natural objects 
are magnijied by the same means. 

Here let us notice, in limine^ that we are not about to insti- 
tute a comparison between two optical instruments, the eye 
and the achromatic microscope, which although they are con- 
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stmcted on the same principles are yet totally different as to 
their uaes. The healthy visual organ, itself a perfect instru- 
ment, *' converses with its objects" at almost all distances, 
and assists the other senses in becoming acquainted with the 
form, position, and magnitude of material substances. The 
microscope, on the other hand, all but a perfect instrument, 
enables us to see clearly and to examine certain objects, 
which from their small size and without its aid would be 
indistinct, if not altogether invisible. It is restricted to the 
small size and the short distance of its objects, and from its 
very construction it has magnifying powers which the eye 
neither possesses nor requires. If the eye were endowed 
with these, therefore, to the exclusion of its self-adjusting 
properties, whereby it discerns common objects in the ordinary 
way at great and small distances, it would be rendered com- 
paratively useless as a visual organ. 

Hence it were folly to attempt to invest this organ with 
functions, the possession of which would subject its owner to 
the greatest inconv^ence. An exemplification of this position 
occurs to me in the case of short-sighted persons. 

When thexefoie we find ourselves enabled by a carefully- 
devised experiment to detect^ with the naked eye, certain 
configurations upcm or within an object which, we may sup- 
pose, has never before yielded an image at all excepting 
through the medium of a lens, we are not to imagine that we 
are thereby infringing on the domains of the microscope, 
which being, constructed for this very purpose would present 
US, periiaps, with an image ten thousand times as large and 
distinct But putting this instrument altogether out of con- 
sideration, and throwing aside all extraneous, assistance, we 
are the rather to consider how the eye, which has certain 
limits to distinct vision for short distances, can yet adjust 
itself for spaces still smaller, and in so doing become con- 
verted into a kind of natural magnifying glass. 

We have now therefore to turn our attention to certain 
microscopic objects, which are to be examined and resolved 
without a lens pf any description ; and we are stimulated to 
an investigation of this kind by recollecting what has been 
already attained with respect to the magnitude of the images 
of small apertures themselves, when placed under circum- 
stances the most favourable for their mspection. Amongst 
these we cannot fail to have noticed at least two conditions 
necessary to be fulfilled in such investigations^ viz. — First, 
that the object be held very near to the eye ; and secondly, 
that every ray of light, excepting what is required to illumi<p. 
nate the object, be carefully excluded. The first insures an 
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enlarged image, whilst the second prerenta a too great con- 
tracticm of the pupillary opening. Hence the oeceuity for 
examining objects through small darkened tubes, and hence, 
too, the neoeuity for cloaing the eye which is not engaged in 
exploring. 

Again, we mnat not overlook the fact, that in using a small 
aperture for the purpose of examining any transparent sub- 
stance there are two methods which may be employed. By 
the one, the objeti u viewed through the aperture ; by the other, 
the aperture is viewed through the object. The former has been 
almost always adopted by the curious, the latter scarcely erer. 
It is capable, however, as these papers show, of eliciting so 
many phenomena peculiar to itself, that J am surprised it has 
not been frequently used, and the results carefully investigated. 
Each of these plans throws a different picture on the retina 
of the eye, and of this the transparent animal membrane chosen 
for the following experiments will afford, when examined in 
both ways, abundant exemplification. 

For the purpose of presenting very small objects, mounted 
on microscopic slides in the usoal way, before the eye at 
small distances behind a minute aperture, and to exclude the 
surrounding rays of light, I took an upright box of pasteboard 
about one inch and a half deep, and one inch and a quarter in 
diameter, and having cut a couple of slits through one of its 
sides snfiiciently large to admit of a slip of glass an inch 
broad sliding to and fro, I made two small apertares opposite 
to each other, the first the one-thirtieth of an inch, uid the 
second the one-fourth of an inch in diameter ; and these were 
so disposed, that when the glass slip with a' small object 

Pig. 34. 



mounted on its centre was introduced throngh the slits, the 
two apertures and the object were all in one straight line ; 
while the slide was about a quarter of an inch behind the 
smaller opening, see fig. 34. 
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With this simple apparatus I could examine very small 
traosparent objects at pleasure, either by the light of the sun 
or of a taper. Whilst, however, it has been thought better to 
notice the dimensions of the apertures, &c., for the conveni- 
ence of others who might wish to repeat the experiments, it 
must not, by any means, be supposed that they are the best 
adapted to insure success, or that better could not be devised. 

Having been engaged in the preparation of a series of dis- 
sections of the compwafid cornea of the eye in insects, I naturally 
subjected one of these beautiful objects to the first experiment 
in my lens-lest vnicrascape. Here, however, for the informa- 
tion of those who may not be conversant with these objects, or 
the peculiarities of their structure, it may be remarked that 
the roundish, prominent, transparent elevations observed, 
generally one on each side of an insect's head, constitute the 
membrane in question. This membrane forms at once the 
defence and the covering to the delicate parts in the interior 
of the eye, as well as the transparent medium by which the 
light is admitted into this tiny organ. It is analogous, more- 
over, to the transparent cornea of the eye in the higher classes 
of animals in being transparent, composed of several firmly- 
adhering layers, and forming the outermost of all the coverings 
of the eye. But it is altogether dissimilar in this respect, 
that it is found to consist of an immense number of facets or 
little pieces lying, side by side, like fine mosaic ; and which 
from being of a regular hexagonal shape, and arranged in 
perfect order, present when examined under the microscope 
an appearance like a honeycomb. Hence it has received the 
name of conqwund cornea. 

The eye of the large insect, called the dragon-fly, is recom- 
mended for a first trial in dissection, because it is not only 
very large but exceedingly beautiful. The compound cornea 
is at once separated from the rest of the eye with a pair of 
finely-pointed scissors, and the dark thick pigment which fills 
the inside is then washed away by soaking in a tumbler of 
cold water for an hour or two, and then using a cameFs-hair 
pencil. To procure it in a perfectly clean and transparent 
state, however, it is better to wash and rewash it after macera- 
tion for two days in frequently-changed cold water. Then, 
while still moist, let small circular pieces be excised with a 
small punch, and pressed immediately between two slips of 
glasa In a few days they will have become dry and flat, and 
may then be mounted in what is called the dry way^ as if for 
the microscope. 

I wish it was in my power to convey to my readers an idea 
of the great beauty of one of these specimens ; to say nothing 
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of the wonderful arrangement whereby upwards of twelve 
thousand planes, each a perfect hexagon, are packed in a bit 
of membrane scarcely so large as half the little finger naiL 
^' I have often," says the celebrated Leeuwenhoek, '^ made re* 
peated dissections of the eyes of various kinds of insects, 
merely on account of the pleasure the contemplating them 
afforded me."* But few, however, seem inclined to investi- 
gate these subjects for themselves, trusting rather to that 
second-hand kind of knowledge derivable from books. This 
distaste for exploring the works of nature may possibly, in 
some instances, commence with the limited resources of the 
pocket ; the very preparation of a microscopic object in- 
volving the necessity for a costly instrument wherewith to 
investigate it. If, however, I shall succeed in pointing out 
certain beauties peculiar to the compound cornea in the eye 
of the insect, which may be discovered with the naked eye^ 
and without a microscope, this membrane will have become 
invested with a new interest, and thus o&ers may be stimu- 
lated to a like inquiry. But to return. Having inserted a 
slide containing a circular section of the eye of the dragon-fly 
in the box prepared for the purpose, I proceeded to examine 
it. Recalling to mind, however, that each of the hexagonal 
facets is barely the six-hundredth of an inch across, and that 
many hundreds of such facets are contained in the smaUest 
section, it was much to anticipate that such a structure should 
be resolved by a process so simple ; and when on viewing the 
membrane, by looking at it through the small aperture, while 
a lighted candle was held nearly close to the laiger one, it 
presented a semi-opaque and altogether homogeneous appear- 
ance, I had almost concluded that my efforts were frustrated. 
To overcome the difficulty was reserved, however, for a future 
trial. Now if, instead of a candle, a small wax taper be used, 
and if this be held at the distance of from five to nine feet, 
rather than close to the large aperture, a beautiful sight pre- 
sents itself. Instead of the flame of one taper, there are 
exhibited the miniature images of the flames of many tapers ; 
and these are not only very definite in their outline so as to 
be immediately identified, but they are arranged at regular 
intervals. But, what is still more curious, each image, except 
the central one, is aeai to be composed of the colours of the 
prismatic spectrum, — ^violet, indigo, blue, green, yellow, 
orange, and red ; of which the extreme tints are so disposed 
that the blue portion in each image is always nearest to the 
central or colourless flame, and the red the most remote from 
it. Hence the blue and the red tints alternate in concentric 

* Leeuwenhoek, vol. ii. p. 341. 
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circles. When the images which are most distinct, for those 
near the margin look fainter, assume in the aggregate the form 
of the hexagonal star, which they not nnfrequentlj do, the 
appearance is striking and uncommon, see fig. 11, Plate I. 

The simplicity of the process by which such a spectacle is 
produced, together with the novelty of the sight itself, did 
not tend, of course, to diminish the sense of its gorgeousness ; 
and I was delighted to find a natural multiplying glass in 
a tissue, which had already contributed so much to my ad- 
miration and wonder when examined under a compound 
microscope. 

On viewing the sun in the same way, each small and per- 
fectly circular image presented the rainbow tints in the same 
order, as in fig. 12, Plate I., and the multiplied images of the 
pale moon were scarcely less beautiful. 

1 may remark, in passing, that the taper flame and the 
image of the moon were seen through a specimen mounted in 
Canada balsam ; but the rays of the sun were less distressing 
to the eye when examined through a specimen mounted in 
the dry way. 

Thus, although I had not, in this experiment at least, suc- 
ceeded in rendering visible a magnified image of each hexagon 
in outline, which indeed was the object of my research, I had, 
in effect, resolved the reticulated structure of the membrane ; 
for in this way only could the peculiarities of a multiplying 
medium have presented themselves. The interval between 
esLch. image served, moreover, to indicate the apparent enlarge- 
ment of each facet, and thus to give a notion of the magnify- 
ing power of short spaces. 

Still bearing in mind the comparatively enormous magni- 
tude imparted to images on bringing the objects which pro- 
duce them very near to the eye, and recollecting that the image 
of a mere necnUe-puncture seen at half an inch is magnified 
no less than a million times, it was difficult to renounce the 
idea of the practicability of defining the hexagonal lattice- 
work of an insect's eye with the naked eye, and without the 
afssistance of a material lens. 

In the former attempt the membrane seemed too opaque to 
disclose its minute internal configuration, a specimen was 
therefore now mounted in balsam to increase its transparency. 
This, however, did not succeed ; on the contrary, it had 
become so indistinct that its structure could now be scarcely 
made out even with a microscope. In order to define the 
hexagons it was evidently necessary to colour the membrane. 
A few specimens were macerated, therefore, for four days in a 
decoction of logwgod, and then carefully dried and mounted 
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in balsam. In this way they were rendered sufficiently 
diaphanous to transmit a strong light from the sun without 
injuring the eye, and their reticulations were not obscured 

Having prepared the object, it was necessary to decide upon 
the distance from the eye best suited for examining it ; and 
as the nearest position would insure the largest image, this 
was accordingly adopted. The mode of illumination also 
required consideration, in order that the light should be of 
such intensity as to make the object visible without dazzling 
or injuring the eye. The quantity of light received by any 
object is often measured with an instrument invented for the 
purpose, called a photometer ; but a box with small apertures 
pierced through the bottom might be shown to constitute a 
good and efficient substitute for such an instrument For it 
is to be inferred from the remarks contained in the sixth para- 
g^ph, that when a small object is examined by the aid of the 
pencils of light admitted through such apertures, it is illumi- 
nated by the sum of their intensities. Hence the quantity of 
light thrown upon the object will be regulated by the number 
of the apertures, being very nearly proportional to them : that 
is to say, the intensity from two apertures will be nearly twice 
as great as that from one. 

By varying the number of apertures, therefore, we can regu- 
late the illumination of the object with the greatest nicety. 
It follows that there is no better way, perhaps, of exploring 
minute objects with the naked eye, than by holding them, 
mounted on a slide of glass, as near to the eye as possible, and 
examining them by looking at them from the inside of a smaU 
box through apertures made in the bottom, and which are 
covered with tracing-paper, by the aid of a strong light 

And this is effected by using the little instrument, to which 
I have ventured to give the name of diascope. 

Thus all the conditions were fulfilled; for, 1, the object 
was rendered sufficiently transparent to transmit the rays of 
light freely, and sufficiently opaque to prevent the solar rays 
dazzling the eye ; 2, it was coloured to make all its parts visible ; 
3, it was brought sufficiently near to the eye to be enormously 
magnified ; and 4, all extraneous rays of light, those which 
were not immediately concerned in the illumination of the 
object, were shut out It remains to be noticed that the ex- 
periment was crowned with success ; for, on examining the 
membrane by the direct rays of the noonday sun, the whole 
of its area appeared reticulated, and several well- defined 
hexagons were seen in its centre. While, as a red tint had been 
communicated to the specimen, its reticulations were most 
easily discerned in the red discs, inasmuch- as the tints of all 
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substances are most brilliant when viewed in light of their 
own colour. 

Bj waj of recapitulation, I shall beg to sum up with the 
following remarks : — 

1. When small bodies are brought very near to the eje, 
their images are magnified, just as images of larger objects 
when seen at a distance are diminished, and by the same law. 

2. The apparent magnitude of objects depends on their 
visual angle. 

3. The visual angle, for short distances, may be well illus- 
trated by employing a small circular disc of light 

4. A minute circular disc of light is procured by perforating 
a card with a needle, through which the light is then permitted 
to pass. 

5. A sewing-needle, of the size marked No. 6, produces an 
aperture about the one-fortieth of an inch in diameter. 

6. In order to examine the light which is transmitted 
through such an aperture, all extraneous rays should be ex- 
cluded ; hence the plane in which the opening is made should 
be placed at the end of a tube. 

7. The pencil of light admitted through an opening of this 
kind, held within an inch or so of the eye, consists of rapidly- 
diverging rays falling upon the cornea. Some of these are 
entirely lost, others are intercepted by the iris, while the re- 
mainder pass on through the pupil, which communicates to 
the image fonned on the retina its circular form, 

8. Whether the small aperture itself be roimd or triangular, 
square or irregular, in form, provided its area do not much 
exceed that of a circle the one-fortieth of an inch in diameter, 
its image is always circular, 

9. When more than one aperture is used, and these of 
different tints, secondary colours result from the overlapping 
and blending of the images of the primary. 

10. If the three primary colours, yelhwy redy and blue are 
used, their images, which overlap in pairs, produce orange, 
violet, and green light; and when the images of all three 
blend white Ught is the result. 

11. When a small transparent object is held close to the 
eye it is altogether invisible, 

12. But its outline is immediately determined by the light 
transmitted through one of the small inlets above described, 
and it is then seen to be not only nuignified but itwerted. 

13. The image becomes much more distinct when more 
than one aperture is used, for the intensity of light by which 
it is illuminated is thereby increased, being almost in a direct 
ratio with the number of the openings which are employed. 
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14. The pencils of light which are used for this purpose 
not only illuminate the object, but intersect in their passage 
through ity producing as many images as there are apertures. 

15. Hence, when a small object is examined by the light 
admitted through small apertures, it will appear magnified^ 
inverted^ multiplied^ and illuminated with variable degrees of 
intensity* 

16. The apparent magnitude of an object varies with the 
distance of the source of light by which it is rendered visible ; 
when this recedes, the pencil of light has less divergence, and 
the object appears smaller ; whoi, on the other hand, it ap- 
proaches the eye, the visual cxme has a rapid expansion, and 
the object still held in tfte same position appears magnified. 

17. All these effects are demonstrable by using artificially* 
prepared transparent figures, the dimensions of each of which 
do not exceed the diameter of the pupillary opening of the 
eye. 

18. It is probable that the minute structure of many natural 
transparent objects may be recognised in the same way. The 
hexagonal facets in the eye of the dragon-fly certainly can. 

19. These phoiomena are, for obvious reasons, but imper- 
fectly discriminated by shortsighted persons. 

20. And, finally, it should be noticed that the investigations 
resulting in the phenomena described in these papers were 
commenced, and have been conducted throughout, for the 
specific purpose of testing the power of the naked eye in con-' 
centrating the rapidly-diverging rays of light, proceeding from 
bodies when held at very short distances from it unaided by a 
lens ; and from these inquiries it would appear, amongst other 
results, that the magnifying power of the eye is limited by the 
magnitude of the visual angle on the one hand, and by the 
intensity of light on the other. If the visual angle be too laige, 
the rays are not sufSciently refracted by the humours of the 
eye to converge to a focus, and form an image on the retina ; 
and if too small, the image is reduced to a mere 'point. The 
*exact amount of divergence of the rays, therefore, for any ' 
individual eye lies somewhere between these two extremes^ 
Again, however nicely adjusted the visual angle may be to 
the refractive powers of the eye, if the light be too strong the 
pupil becomes so contracted that only the innermost rays are 
admitted ; wbile^ if it be of small intensity, the object is so 
dimly illuminated as to be scarcely visible. If, then, whilst 
a small object is held very near to the eye, so as to insure 
a rapid divergence of the rays proceeding from it, the pupil 
can be dilated by the small quantity, of light which is used, 
and to which like a. photometer it immediately respcmds, so as 
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to admit as large an angle as the lenses of the eye are capable 
of refracting, at the same time that the object is rendered 
distinctly visible, then, under such circumstances, we have 
arrived at the utmost limit to the available magnifying power 
of the eye. These conditions are fulfilled in the diascape; 
which may be defined to be on trutrument which enables us to 
devdap the microscopic power of the eye by retaininy an dbfect 
close in front of it at one endj while it is examined by the liyht 
admitted throuyh small apertures at the other* 

With such a simple optical instrument, altogether destitute 
of glass, a series of images may be presented which have never 
before been seen with the naked eye ; and by its use we are 
led to a le^timate conclusion, capable of direct proof, that 
when a transparent figure is held very near to the eye for the 
purpose of magnifying it, if an image is seen at all, its size 
will bear an inverse ratio to the intensity of light by which it 
is made visible. 

In my next communication, which will embody the second 
part of the subject, I shall b^ permission to describe and de- 
lineate another set of forms distinct from those which have 
been noticed in this, and which are produced by substituting 
straight or circular very narrow apertures of light for the per- 
forations. With such apertures, figures are seen as in perspec- 
tive, lines i^pear expanded into planes, and these are multi- 
plied into solids, which, from being of an ethereal brightness, 
bear a resemblance to models of ri^ular geometric solids of 
pure glass. 



On the Spiral Threads of the GenusTnicuiA. By Frederick 

CuRREY, Esq., M.A. 

If anything were wanting to show the extent of the field of 
research, which is open not only to the student but even to the 
more advanced inquirer in botanical microscopy, it would be 
sufficient to direct attention to some of the many points in 
vegetable anatomy upon which the opinions of observers not 
only differ from one another, but are so utterly and diametri- 
cally at variance, that if the one side be right the other must 
be altogether wrong. Commencing upon the threshold of 
vegetable life, opinions are still divided as to the structure of 
the primary membrane of the walls of young cells, Mulder 
and Hasting contending that the young cell-membrane is 
pierced like a sieve, whilst Von Mohl asserts that it is com- 

* This iBstrument may be procured at Mr« Highley's Scientific Library, 
32, Fleet-street, London. 
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pletelj imperforate. Again, the qaestion of the mode of 
growth of the thickening layers (that is, whether they are de- 
posited upon the outer or inner side of the primary membrane), 
although considered by some botanists to be quite decided, 
has lately been discussed at some length in a new work by 
Dr. Schacht,* which shows that the subject is not yet ex- 
hausted. The apparently fibrous structure of many liber-^xIlSf 
the nature of the milk-vessels, the connexion between spiral 
and reticulated vessels, the structure of the chlorophyll gra^ 
nules and starch, are all matters upon which our present 
knowledge must be considered imperfect. A long list might 
be placed before the reader of questions respecting vegetable 
structure, upon which the opinions advanced upon the one 
side are flatly contradicted on the other. Without multiplying 
instances, I may mention the question of the origin of the 
embryo in phsenogamous plants as one peculiarly illustrative 
of the point to which I have alluded upon this question. 
This question, which although physiologicid in its import, can 
only be decided by anatomical investigation, embraces two 
parties whose views are hopelessly irreconcileable ; yet each 
side is equally positive. Each party asserts that they have 
fictucdly seen that which they describe, which it is hardly 
necessary to remark is just as impossible as that a thing 
should be both black and white. Schleiden alleges that he 
has set the matter at rest by his investigations, and established 
an incontrovertible theory ; Von Mohl states that Amici has 
destroyed Schleiden's theory at one blow, and that the matter 
is quite settled in its principal features the other toay. 

The spiral threads, which it is the object of this paper to 
discuss, bold a conspicuous place amongst disputed vegetable 
structures, so far at least as relates to the variety of the 
opinions entertained respecting them. The genus JViehia 
constitutes a tribe of minute fungi, growing principally, in fact 
almost exclusively, upon rotten wood, and generally of a 
yellowish or tawny colour. They belong to the order of the 
GasteromyceteSy in which the spores, which are often inter- 
mixed with hairs or threads, are developed in the interior of 
a case, termed a peridtum or sporangium. They form part of 
the sub-tribe Myxogasteres^ in which the plants first appear in 
the form of a slimy mucilaginous stratum^ out of which at a 
later period the spore-cases are developed. The different 
species of Trichia grow in varioua ways ; in T. pyriformis 
the peridia are joined together in a fasciculate manner, in 71 
clavata they are scattered at small distances from one another, 

♦ Beitrage zur Anatomie nnd Physiologie der Gewachse, by Dr. H. 
Scbacht. Berlin, 1854. 
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in T. ehryiosperma the peridia, although quite distinct, are 
so densely aggregated as to cover completely the spot upon 
which they are spread, in T. serpula the peridia are flexuous, 
creeping, and irregular in shape. When the fungus is mature 
the peridium bursts, and the spores in its interior are dis- 
charged. It is generally supposed that one purpose for which 
the threads are designed is to assist in scattering the spores, 
for their elasticity is very great. If a specimen of Trichia be 
examined immediately after the bursting of the peridium^ the 
threads are seen protruding through the fissure and apparently 
struggling for egress ; when viewed through the microscope 
at this period with a low power, they have a slow waving 
sort of motion, not unlike that of the threads of the Oscilla- 
tari(B ; if the whole of the mass of threads be extracted with 
a needle it appears like a small fragment of yellow wool. 
When a minute portion of this yellow flocculent mass is ex- 
amined moist, under the microscope, with a power of about 
200 diameters, it is seen to consist of narrow delicate fibres 
having fine spiral markings covering the whole of the walls. 
A reference to fig. 1, Plate II., which shows a fibre of Trichia 
ehrysospermay will give a general idea of this spiral appear- 
ance ; and it is with regard to tlie nature of these threads, and 
the cause of their spiral appearance, that so much difference of 
opinion exists. Corda claims to have discovered these threads, 
which he calls spiral-fibrous-cells (spiral-^fiber-zetten) ; but they 
were observed about the same time by Mr. Berkeley, and in 
&ct could not fail to have been noticed by any person hap- 
pening to examine a fragment of the woolly mass with a 
moderately good microscope.* 

Corda, in a letter addressed to Baron Humboldt, and which 
was published at Prague in 1837, enters at some length into the 
nature of these spinal- fibrous cells, and considers them to be 
analogous to the elaters of the Jungermannise. After ad- 
mitting that weighty objections might be raised against the 
comparing of them with the spiral cells found in the walls of 
the capsules of the Jungermanniae, and in the sporangia of 
the Equisetaceae, or with those in the leaves of Sphagnum^ he 
comes to the conclusion that no unprejudiced person can deny 
the following facts with regard to their structure : — 

1. That they consist of a simple or stratified cellular mem- 
brane. 

2. That this membrane encloses one or more spiral fibres. 

3. That the spiral fibre is of a rigid fibrous structure. 

He then traces the spiral form through the cells of 

* The structure seems to have heen fir$i noticed by Hedwig, Obs. Bot. 
Pwc., i. p. 14 ; and next by Kunze, Myc. Heft II., p. 94. 
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Nepenthes and the vessels of the Conifene up to the perfect 
spiral vessel, and afterwards the degeneration of the perfect 
spiral vessel into the ^^ worm-shaped hodies " (wurmfbninge 
korpen) in the tub;:rs of the Orchideae and in other plants, 
concluding with an expression of opinion that these spired 
fibrous-cells must be considered as imperfectly developed 
forms of the spiral vessel.* 

Soon after the publication of Corda's observations, Mr. 
Berkeley noticed the threads in question in the Annals of 
Natural History, and stated that so far as he had investigated 
them they differed in no respect from the spiral vessels of the 
higher plants. 

The next observer was Schleiden, whose opinion was en- 
tirely opposed to the fibrous theory of Corda and Berkeley. 
He (Schleiden) says that he has reason to believe that no 
spiral fibre exists, but that the threads are flat band-like cells 
spirally twisted, thus attributing the spiral appearance to the 
existence of a twist in the cell-wall. Dr. Schacht in his ad* 
mirable work, '^ Die Pflanzenzelle," subscribes to Schleiden's 
opinion, and states that he was long ago convinced that no 
spiral band exists, but that the appearance by which Corda 
was deceived arises from the torsion of flat thread-like cells. 
According to Schacht, Dr. Klotzsch found that in an early 
stage of the threads no spiral appearance was visible. 

Mr. Henfrey in a late communication to the Linnaean Society 
has given the result of his own observations, and expresses a 
very confident opinion as to the existence of a spiral fibre ; so 
much so that, having the greatest faith in the observing powers 
of Schleiden and Schacht, he is driven to doubt the goodness 
of their instruments. 

A careful examination of the threads of several species of 
Trichia has led me to a conclusion different from those of the 
observers above referred to ; and I will proceed to state the 
objections which appear to me to exist against the theories of 
Corda, Berkeley, and Henfrey on the one side, and of Schacht 
and Schleiden on the other. There is no substantial difference 
between the views of Corda and Berkeley, who agree in the 
main point of the existence of a spiral fibre. In the first 
place the non-existence of spiral vessels in other genera of 
fungi t {Baiarrea perhaps excepted) affords some primd facie 
ground for supposmg that the organisms in question do not 

• Corda's expression is, " Erstarrte Traumhild,*^ meaning literally, " a 
vision become rigid** 

t Bonorden, in his * Handbucb der Allgemeinen MyCologie,' states, 
that a spiral fibre exists in Arcyriapunicea ; bnt this, I apprehend, is a 
mistake. 
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contain fibres. It does not seem probable that spiral vessels, 
which have always been considered a type of advanced organi- 
zation, should be altogether wanting in the vast tribe of the 
Bymenomycetes^ that they should disappear at the close of the 
series of the higher Cryptogamia to come to light again in the 
lower scale of the Gasteromycetes : this argument of course is 
by no means conclusive, but in a question wfiere so much 
difference of opinion exists it is deserving of consideration, 
and cannot safely be altogether rejected. Again the shape of 
the TrtVrAia-threads exhibits a great departure from the ordi- 
nary form of spiral vessels ; Schacht, in the work to which I 
have alluded, asserts that spiral vessels are seldom branched, 
and mentions two instances as cases of unusual occurrence, in 
which branched spiral vessels have been observed : the accu- 
racy of this statement has been questioned, and it has been 
alleged that spiral vessels are frequently branched, especially 
in endogenous plants ; but whichever view be correct, I appre- 
hend that a branched spiral vessel must be considered abnormal 
in form, and consequently when we find, as was long since 
noticed by Corda, th^ the TVtcAta-threads are very frequently 
branched, and sometimes to an extent almost amounting to 
reticulation, this fact must be admitted to weigh something in 
the scale against the probability of the existence of fibres. 

Another objection arises from the rapidity with which the 
Triehia are matured. It is well known that the Myxogasteres^ 
as well as some other of the GasteromyceteSy grow with 
astonishing rapidity. Batarrea gaudidiaudij a South Ame- 
rican species, attains its full size in a few hours ; the develope- 
ment of Phallus impudicus is familiar to every person who 
has directed any attention to the subject of fungoid growth, 
and the genus Triehia forms no exception to this rule. Now 
if spiral fibres exist, they must be admitted to be formed in 
the same manner as all other spiral fibres are supposed to be 
produced, viz., by gradual and successive deposits of thick- 
ening matter upon the internal wall of the cells ; and if this be 
so, it is difficult to see how, in the short period allotted for the 
completion of the growth of the fungus, the fibres can find 
time to perfect themselves. 

A further objection arises from the impossibility of de- 
taching the apparent spiral from the wall of the cell ; I assume 
that tliis has never been effected, because if it had been the 
question would be concluded. I have tried the action of 
many reagents upon these threads, but have never succeeded 
in obtaining a free fibre. Now if the elaters of a Jurtger- 
I nunmia^ with which more than with anything else the Triehia^ 

I threads have been compared, be treated with sulplmric acid, 

c 2 

f 
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the cell-membrane is dissolved and the spiral fibre left free ; 
I have tried the effect with the TVtcAta'threads, and have 
found them either to resist the action of the add altogether, or, 
if the acid operated, that the threads becaine uniformly 
charred, but presenting* nothing to lead to the conclusion of 
the existence of a spiral fibre. Moreover, if iodine and sul- 
phuric acid be employed, the effect produced upon the cell- 
wall and upon the supposed spiral fibre is the same. 

Another objection to the fibre theory appears to me to arise 
from the unevenness or rather waviness of outline which exists 
in almost all the threads which I have examined, and which is 
not usual in spiral vessels in general ; and also from the fact 
that the end of the supposed fibre is never to be seen pro- 
truding from the cell, which might be expected when the 
threads are ruptured as they frequently are. 

The theory of Schleiden and Schacht that the spiral ap- 
pearance is caused by the twisting of flat band-like cells is 
very difficult to be maintained, and I cannot help thinking 
that they have formed their opinions from an examination 
only of such simple threads as are represented in figs. 1 and 4. 
It might be possible for the spiral appearance in such cells to 
be produced by a twist, but 1 cannot conceive how the '^ Dre^ 
hung um sich selbst/* as Schacht expresses it, of the cells can 
be called in aid to explain the spiral appearance in such a 
thread as that of T. serpula, shown in fig. 8 ; the thing seems 
to be mechanically impossible. 

If the above theories be incorrect, it may be asked, in what 
other manner is it possible to account for the spiral appear- 
ance ? Now it seems to me that it may be accounted for by 
supposing the existence of an accurate elevation in the wall of 
the cell, following a spiral direction from one end of the 
threads to the other This supposition would, I think, accord 
well with the optical appearances, and it would account exactly 
for the undulations of outline to which I have before referred. 
I have in my possession a thread of Trichia chrysosperma, in 
which the spiral appearance is so manifestly caused by an 
elevation of this nature — in which it is so clear that no internal 
spiral fibre exists — that I do not think there could be a doubt 
in the mind of any person carefully examining it with a power 
of 500 diameters, that the cause of the spiral appearance is 
not a spiral fibre. I have also a species of Arcyria^ in which 
the threads are (as in the other Arcyria) echinilate or denti- 
culate, and the teeth appear to take a spiral direction round 
the threads ; these teeth are mostly at a short distance apart ; 
but at a spot where the teeth are so close as to have become 
confluent, the appearance produced is almost precisely the 
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game as the appearance in the Trickia'threads. I have seen 
on one occasion the membrane of a thread of 7*. pyriformis 
unrolled spirally in the manner represented in fig. 10, Plate 
II. ; this circumstance is somewhat curious, as membrane does 
not ordinarily unrol in that manner, although it has been 
observed by. Professor Quekett to take place in the hairs of 
the fruit of Cycas revoluta.* I do not know that this fact has 
any very strong bearing upon the question of structures ; but 
if, as would seem to be the case from its greater transparency, 
the elevated position of the cell-wall is thinner than the rest, 
it is easy to imagine that a rupture of the wall would be likely 
to take a spiral direction. 

The following is a list of the Trichia hitherto recorded as 
British, viz., Trichia pyriformis, serotina, Jallax^ clavata, tur- 
binafay chrysosperma^ varia, Serpula, Neesiana^^ and Ayresii; 
and to these must be added Trichia nigripes^ which I met with 
last autumn in the neighboiirhood of Eltham in Kent. 

With regard to the preparation of the TVurAia-threads for 
the microscope, there are many methods which may be used. 
Owing perhaps to the dense crowding of the hairs, the getting 
rid of air-bubbles is the principal difficulty. Alcohol is the 
easiest medium to employ, and I have reason to think that the 
colour of the threads is not affected by it, which is the only 
thing which might be feared. Deane's gelatine is a very good 
preservative, and may be used without difficulty if the threads 
are previously left to soak for some hours in chloride of cal- 
cium ; and castor oil answers admirably well, although when 
this is used there is sometimes a little difficulty in fixing the 
thin glass cover. In conclusion, I would venture to express a 
hope that some of the readers of the Microscopical Journal 
may be induced to direct their attention to the investigation of 
these disputed threads ; irrespective of the interesting question 
of structure, the beauty of the objects will fully compensate 
them for the trouble of examination. 



Observations on Aphanizomenon Flos-aqu^, and a species of 
Peridinea. By G. J. Allman, M.D., Professor of Botany 
in the University of Dublin. 

The substance of the following communication has already 
appeared in the Proceedings of the Royal Irish Academy ; 

♦ See Lectures on Histology, p. 100. 

t Fries has expressed an opinion that Trichia Neesiana is identical with 
2V rubiformis ; Bonorden, however, asserts, that in T, ruhiformis there 
is no spiral appearance. If this he so, they cannot he identical ; for T, 
NeesUina shows the spiral marking more beautifully than any which 1 
have examined. 
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but having made some additional observations, I have thought 
them of sufficient interest for publication in the Microscopical 
Journal. The first part of the paper consists of the results 
of some observations made on Aphantzamenon Fto^-^upim. 
This minute alga has appeared in great abundance in the 
large pond of the Zoological Gardens, Dublia The best 
account we possess of the plant is in an excellent paper on 
the Nostochines?, by Mr. Ralfs ;* but as the specimens from 
which Mr. Ralfs's description was drawn up were not in a 
recent state, some important points of structure have neces- 
sarily escaped him, 

A, Flos-aqtUB shows itself in the form of little fusiform 
fasciculi, of a pea-green colour (Plate III., fig. 1), which are 
most frequently seen united to one another in larger bundles, 
fig. 2. This union of the primary fasciculi into secondary 
ones is not permanent, and under certain circumstances very 
imperfectly understood ; but, in some cases, depending perhaps 
on meteorological conditions, the secondary fasciculi become 
broken up into primary ones, or, at least, into less compli- 
cated bundles, and the plant, which had previously lain upon 
the surface of the pond in an extensive stratum, becomes nearly 
uniformly diffused through the water. A return of the former 
conditions will again cause the union of the simpler fasciculi 
into more complex ones, and the reaccumulation of the plant 
in masses on the surface. 

The primary fasciculi are composed of straight filaments, 
which are about l-3000th of an inch in diameter, and possess 
the three kinds of cells characteristic of the Nostochineee, 
namely, the ordinary cells, the heteroa/sts, and the sporangia^ 

The ordinary (figs, 4, 5 a, a) cells vary much in length in 
different filaments, and sometimes even in the same filament, 
and not unfrequently they present evident transverse striae, 
which doubtless indicate the commencement of division ; the 
endochrome is in the form of several oval or irregular granules 
in each cell. Under the action of iodine the contents of the 
cells assume a dark-brown colour, and separating from the 
walls contract towards the centre of the cell, where they appear 
bounded by a very definite outline (primordial utricle), fig. 6 a. 
The entire filament appeared in some cases to be surrounded 
by an indistinct gelatinous (?) sheath. 

When the Aphanizomenon first showed itself in the pond, 
the heterocysts were abundant ; but no sporangia could be de- 
tected. The heterocysts fig. 5 6, are in the form of short 
cylinders with rounded extremities, and with bluish-green 

♦ On the Nostochineoi, Bv John Ralfs, M.R.C.S., Ann, and Mag. of 
Xat. Hist., May, 18.50. 
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contents, which scarcely ever present any trace of granular 
stracture. Under the action of iodine the following structures, 
fig. 6 bj may be seen in the heterocyst : — 1. The endocbrome 
contracted towards the centre of the cell, and presenting a 
well-defined boundary. 2. External to this a delicate cell- 
wall separated from the contracted endocbrome by a transpa- 
rent interval, and frequently presenting in its interior, at each 
extremity, a minute spherical body, with considerable refrac- 
tive powers. 3. An external very delicate, but well-defined 
transparent investment. 

At first no other kind of cell beyond those now described 
could be detected in the filaments, but in specimens gathered 
somewhat later many filaments presented in some part of their 
course a long cylindrical and slightly-dilated cell, fig. 4 & i, 
generally about two or three times the length of the hetero- 
cysts ; occasionally a single filament presented two such cells. 
They correspond to the cells named sporangia in the other 
Nostochines ; their contents are always minutely granular, 
and under the action of iodine, fig. 7, separate from the walls 
of the cell and contract towards the centre, where they present 
a very definite boundary, in which a double outline can some- 
times be distinctly seen ; while, external to this, and separated 
from it by a clear space, a colourless investing membrane has 
become very obvious ; but the second investment, so evident in 
the heterocysts, could not here be satisfactorily demonstrated : 
the little spherical body visible at each extremity of the cell 
of the heterocyst could not be seen in the sporangium. Fila- 
ments bearing sporangia were accompanied by those bearing 
heterocysts, but whether the two kinds of cells ever coexisted 
in the same filament was not manifest. 

That the sporangia are not simply atilarged cells, but the 
result of the union of several ordinary cells, is highly probable. 
The author has succeeded in observing what appears to be 
intermediate stages of formation, in which the endocbrome of 
a group of ordinary cells had already begun to assume the 
minutely-granular condition of that of the sporangium, the 
septa being, at the same time, evidently in process of disap- 
pearing, fig, 8. 

When the living plant is collected and placed in a jar of 
water, the fasciculi will frequently be seen after some hours 
to have broken up into their component filaments, which will 
then rearrange themselves in elegant wavy curves parallel to 
one another, and forming a nearly uninterrupted stratum on 
the surface of the water, fig. 3. 

Aphanizamenon Flos-^iqtuBy after the death of the plant, is 
eminently sensitive to the action of light. Specimens dried on 
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paper in the sbade.are of a dull yellowish-green ; bat if these 
be now exposed to the direct rays of the sun, for about ten 
minutes, they will be found to have assumed a bright bluish- 
green, which they do not again lose. 

During decomposition in water a fluid is produced, which 
is of a claret-red under reflected light, but of a fine grass^-greeo 
when viewed by transmitted light. 

The next subject to which I would draw attention is a 
species of Peridtnea^ which had just shown itself in such 
inconceivable multitudes as to give rise to a peculiar colora- 
tion of some of the ponds in the Phoenix Park. During the 
last three weeks a spectator on the banks of the large ponds * 
in the Park must have been struck by a brown colour assumed 
by the water. This colour was sometimes uniformly diffused 
through the water ; at other times it appeared as dense clouds, 
varying from a few square yards to upwards of 100 in extent 

A microscopic examination of the water proved the brown 
colour to be entirely due to the presence of a minute organism, 
which, though it does not exactly agree with any published 
generic description, I have thought it better, by slightly 
modifying the genus Peridinea^ as characterised by Ehrenberg, 
to place it in that genus rather than construct for it a new 
one. 

It varies from the 1-lOOOth to the l-500th of an inch in 
diameter, and approaches in form to a sphere (Plate III., 
figs, 9, 10), divided by a deep annular furrow into two hemi- 
spheres, on one of which is situated another furrow, springing 
vertically from the annular furrow, and terminating at the 
pole. The organism under consideration may be regarded as 
essentially a solitary cell ; it encloses reddish-brown granular 
contents, and a large, well-defined central nucleus. In the 
midst of the contents are numerous clear spaces, of various 
sizes, which, however, appear to be oil-drops rather than true 
vacuo] ae. 

In most instances a deeper-coloured ocelliform spot was 
evident near tlie polar extremity of the vertical furrow. 

It is eminently locomotive, swimming with great activity 
by the aid of a flagelliform appendage, which springs from the 
vertical furrow near the point of junction with the other, and 
of very minute vibratile cilia, which seem distributed over the 
surface, and not confined to the furrows, as maintained by 
Ehrenberg, in the species of PeridinecB described by him. 

Before death, and also when only passing from a motile to 

♦ The two large ponds communicate with one another, and together 
occupy a space of about 14 acres. The ohseiTations were made in June, 
1854. 
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a quiescent state, most likely preparatory to undergoing some 
important developmental change, the contents contract towards 
the centre, and then an external transparent and perfectly- 
colourless vesicle becomes visible while the flagellum and cilia 
disappear, fig. 11. The contracted contents present a very 
definite and generally spherical boundary, and are evidently 
included in a distinct cell : the resemblance of this internal 
cell to the primordial utricle, and that of the external investing 
vesicle to the cellulose wall of the vegetable cell, are too 
obvious to be overlooked, though the iodine and sulphuric 
acid test failed in indicating the presence of cellulose. The 
external investing vesicle is non-contractile ; under pressure it 
is easily ruptured, and the minutely-granular contents, mixed 
with large oil-drops (?), escape upon the stage of the micro- 
scope, fig. 12. The nucleus is then easily isolated ; it is of an 
irregular, oval form, quite colourless, and marked on its surface 
with curved striae, fig. 13. 

Individuals were frequently seen undergoing spontaneous 
division, which takes place parallel to the annular furrow, and 
in the unfurrowed hemisphere, fig. 14. This process appears 
to be invariably preceded by a division of the nucleus, and 
the author had succeeded in isolating nuclei, presenting almost 
every stage of transverse fission, figs. 16, 17. 

Believing the species now described to be new, I have 
named it P. uberrimcL 

Since communicating the above facts to the Academy, the 
coloration of the ponds has much increased in intensity. 
On the 9th of July I again visited them. The colour in 
some parts was then of so deep a brown, that a white disc, 
half an inch in diameter, became invisible when plunged to 
a depth of from 3 to 6 inches, while a copious exit stream, 
which constantly flowed away from one of the ponds, pre- 
sented the same deep-brown tint. In many places the 
Peridinea had descended from the surface, and were found to 
be congregated in immense masses towards the bottom, where 
they appeared to be quite healthy, though presenting the con- 
dition described above as characterising the quiescent state of 
the animalcule. It is highly probable that this contracted 
condition of Peridinea — a condition, however, which must not 
be confounded with the encysting process observed in many 
infusoria — is connected with reproduction. A field of much 
interest is here open for investigation, but I was unfor- 
tunately at this point obliged to discontinue my observ- 
ations. 
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On the Deep Diatomaceous Deposits of the Mud of Mil- 
ford Haves and other Localities, By Fitzmaurice 
Okeden, C.E. 
At the time that Mr. Roper's interesting paper on tbe 
Tfaames mud appeared, I was myself engaged in examining 
the mud of Nejland, which is a creek of Milford Haven and 
the terminus of the South Wales Railway. At this time, also, 
we were engaged in making borings for engineering purposes 
to asc«'tain the depth of the mud in this creek, and in some 
places we found that it exceeded 40 and even 50 feet. 

It struck me that it would be interesting to ascertain 
whether tbe mud at these great depths was as rich in diato- 
maceous remains as the surface had proved to be in the living 
specimens. I accordingly had constructed a simple, but I 
think effective, apparatus, for the purpose of obtaining the 
genuine mud from any depth that might be reached, and of 
insuring that it should be unmixed or un contaminated with 
any other deposit. I will, therefore, before laying tbe results 
before the reader, describe the apparatus made use of. I 
must premise that tbe usual " boring " apparatus employed 
for engineering purposes consists essentially of any number of 
iron rods, which screw one into the other ; to one of these is 
screwed an auger or a cbisel-point, as the case may require. 
This is inserted into the ground to be tested, and worked 
round by manual force and downward pressure, length after 
length of rod being added as the ground is penetrated. In 
addition, then, to this apparatus, I obtained, first, several 
lengths of wrought-iron gas-pipe, about an inch in diameter, 
and each screwing into the other, and also a similar number of 
iron rods, each a few inches longer than the lengths of gas- 
piping, and each also screwing into the other ; 
to the end of one of these lengths of rod is 
attached a cork of the exact diameter of the 
gas-pipe, or a trifle larger. This cork is fixed 
% a washer and nut, as shown in the sketch. 
The gas-piping should be in lengths of about 
8 feet each, as this is the most convenient in 
work : one of these lengths should also be again 
divided into two parts, which must, however, 
screw and unscrew ; and this length is to be tbe 
oaejir^ put into the ground or mud, for reasons 
which I will presently explain. 

The mode of proceeding is as follows : First, 

a hole is bored to the required depth — say 20 

feet — with the usual boring apparatus; this done, the appa- 
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ratus is drawn oat, the jointed length of gas-pipe is now 
introduced, the end of it with the rod to which the cork is 
attached having been previously stopped, the rod passing up 
the centre of the gas-pipe ; this is let down the hole, another 
length of pipe being attached, and another length of rod, and 
so on, length after length of pipe and rod, until the bottom 
of the hole is reached. We shall thus have a continuous 
length of gas-piping, which will be penetrated by a con- 
tinuous length of iron rod attached to the cork at the end of 
the pipe. It is obvious that this cork will entirely prevent 
any foreign matter from entering the gas-pipe. Having thus 
reached the bottom of the hole, now pull up the cork into 
the gas-pipe about 4 feet, by means of the rod attached to it, 
and then press the whole apparatus into the soft mud. The 
pressure will now drive the mud up into the pipe as far as 
the cork is drawn up ; now remove the whole apparatus, and 
by means of the rod push the cork back again to the end of 
the last length of pipe, when the charge of mud will be 
driven out in the form of a sausage, and, by rejecting the 
two ends of it, and taking only the middle piece, we may 
be perfectly sure that the mud at that depth, and that only, 
has been obtained. 

Having secured the prize, the short length of piping which 
contained it is now to be unscrewed, and carefully washed with 
a common gun-cleaning rod and some tow, when it is ready 
for another experiment 

With this apparatus, then, I have penetrated Neyland mud 
in various places to depths of 20, 30, and 40 feet ; and the 
results have been so interesting, and the deposits have proved 
so rich in Diatomaceous remains, that I have been tempted to 
put some of the results upon paper. 

The first trial I made was at a depth of 20 feet ; and a 
careful examination of this deposit, when well cleuied, and 
the coarse sand thoroughly separated, gives us a list of the 
following forms : — 



Epithemia alpestris. 
Campylodiscus costatus. 
Surirella biseriata. 
Navioula ovalis. 



Cocooneis acntellum, (a). 
i> >» <* • 

„ Grevillii. 
Cosciuodiscus radiatufi. 



Fresh-vxUer Species, 

Pinnularia viridis. 

„ radiosa. 

„ major. 
Gomphonema geminatiim, g. 

Marine^ or Brackish. 

Coocinodiacus eocentricus. 

„ Ocellus iridis. 

Actmocyclus undulatus. 

,» sedenarius. 

Triceratium favus. 
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Triceraiiuixi comptum ? 
alternans. 
armatum, n. sp. 
Eupodiscus sculptus. 
CampylodiscuB Hodgsonii. 
,f cribrosus. 

,» parvuluB. 

Surirella ovata. 

fastuosa. 
lata. 

Tryblionella margioata. 
punctata, 
acuminata. 
Bcutellum. 
Nitzschia sigma. 
Amphiprora constricta. 
Navicula Jennerii. 

didyma (o). 
(a'), 
(a*), 
punctulata. 
conyexa. 
elliptica. 
palpebralis. 









if 









»i 



Navicula liber. 
Pinnularia cyprinus. 
distans. 
peregrina. 
Stauroneis pulchella. 
Pleurosigma formosum. 
angulatum. 
Balticum. 
tenuiesimum. 
Synedra superba. 
Dorypfaora amphiceros. 
Acbnanthes brevipes. 
Rhabdonema minutum. 
„ arcuatum. 

Grammatopbora serpentum. 
Amphitetras antediluviana. 
Tstbmia enervis. 
Biddulphia aurita. 
fy rbombus. 
„ quinque-oculus, Eutas. 
Podosira maculata. 
Melosira sulcata. 
„ Borreri. 
Dictyocha speculum. 



I have also two fine specimens of what I thought to be a 
new Navicula; but on referring them to Mr. Smith, he in- 
formed me that it had been already observed by Mr. Hennedy, 
and it has been named N. Hennedii by Mr. Smith. It was in 
this deposit that I found the first specimen of the Triceratium 
which has been described and named by Mr. Roper as T. 
armatum. 

The prevailing form, however, is the Naincula Jennerii^ 
which is extremely abundant The specimens of Coscino' 
discus are also magnificent and abundant. 

Of the Triceratiay T^favus^ and T, comptum (?) are very 
abundant. T. alternans occurs but sparingly. 

The beautiful valve of Actinocyclus sedenariusy described 
by Mr. Roper in his paper on the Thames mud, occurs but 
sparingly ; all the other forms in the foregoing list are 
tolerably abundant, and occur also in the 30 and 40 feet 
deposits. 

T.favus occurs also pretty frequently at both these depths, 
while in the 30-feet deposit I found a most curious and in- 
teresting form, of which I have sent specimens. Mr. Smith 
informs me it is the Cerataultis turgidus of Ehrenberg, and 
will be the Biddulphia turgida of Mr. Smith's second volume. 
I am not aware that it has been hitherto figured or described 
by any one as a British species. 

But it is not always necessary to resort to the boring 
apparatus to obtain material for investigating these deep 
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deposits. Wherever excavations for building or other pur- 
poses are going on near the banks of a tidal river, there will 
be found an ample field for the industrious observer. 

At Swansea, for instance, where some docks are now being 
constructed, I have obtained some rich samples of Diatoma* 
ceous clays. 

The strata through which these excavations are being made 
occur in the following order : — 

Feet. 
Gravel and sand . .10 



D Clay 
Peat 


. 6 
. 1 


Sandy clay 
D Clay 
Peat 


. 4 
. 2 
. 1 


Clay 


. 2 



Tota 



25 



The lowest bed of this clay, at 25 feet depth, is literally 
''swarming" with EpitJienda muscuhis and Surtrella gtriatula : 
other marine forms are abundant ; while the fact of ttoo beds 
of peat lying above it shows its extreme antiquity. The 
other two beds of clay above it, marked D D, are also rich in 
Diatomaoeous remains. I have not yet had time to examine 
these deposits thoroughly, so as to make lists of the forms 
occurring in them ; but a comparative examination of the 
three beds would be highly interesting, and I hope to be able 
to prepare one for the next number of this Journal. 

Again, from a brick-yard near Carmarthen, which is now 
upwards of a hundred yards from the present banks of the 
river (the Towy), and at a depth of about five feet below the 
surface of the ground, I have obtained a sample of the old 
tidal deposit which now forms the brick-earth, and which is 
full of the most magnificent specimens of Triceratium favus 
and Coscinodiscus that I have ever seen ; while the beautiful 
Actinocyclus sedenarvus^ with its sixteen septa, is of common 
occurrence. 

From the foundations of a bridge we are now building 
over the Cleddan near this town (Haverfordwest), I have also 
obtained a rich sample of clay at a depth of about 10 feet, 
and at about 20 feet distance from the present bank of the 
river. In this sample the fresh-water forms occur more fre- 
quently than in the other deposits. This might be expected, 
as the tidal influence does not extend very far above this 
point. 

I could enumerate many other instances which have come 
under my notice, but it would be only a repetition of the 
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above facto : indeed^ I have rarely tried a sample from any 
of these clays, either near a fresh or brackish stream, in which 
a careful washing would not eliminate abundance of Diatoma- 
ceous remains. Of course, some will be richer than others, 
but I have found them in all. Let it not be thought that too 
enthusiastic a view has been taken of the subject I have 
sent a set of slides illustrative of all the abovenoientioned 
deposits to the Editors of this Journal, and I think they will 
bear me out in the assertion that neither their richness nor 
their interest has been overstated.* 

From these facts it appears that not the surface merely, 
but the whole mass of these tidal deposits, is penetrated by 
these minute and wondrous organisms ; while from the fact 
of their being found at Neyland at a depth of 40 feet below 
the present surface, and close upon the rock which forms the 
original bed of this estuary, the mind is irresistibly led to the 
conclusion that they have existed there from the time when 
the waters first rolled over the spot, when silence and soli- 
tude reigned supreme where now resounds the ^* busy hum " 
of the hundreds who are employed in bringing one of the 
great arteries of commerce and civilization to its ocean home. 

In making out the list of the forms in the Neyland 
deposits, I have carefully abstained from inserting the names 
of any but those which I could identify with certainty, either 
from Mr. Smithes work or from information furnished to me 
by Mr. Roper, to whose kind assistance I am deeply indebted 
during the time I have been studying the subject Being but 
a beginner in the study, I thought this the best plan to adopt ; 
but I am sure, from what I have observed, that were these 
depo.ita well examined by otha: and more experienced inv«H 
tigators than myself, the list might be far more extended, and 
many new forms brought to light. Still, if I shall have been 
the means of drawing attention to the subject of these deep 
deposito, or of extending in any way, however small, the 
boundaries of this interesting field of research, I shall feel 
amply recompensed for any trouble I have taken in this 
matter. 



On a Post-Tertiary Lacustrine Sand, containing Diatoma- 
CEOU8 Exuvi*, from Glenshiray near Inverary. By Wil- 
liam Gregory, M.D., F.R.S.E., Professor of Chemistry. 

This remarkable deposit was sent to me in February last by 
the Duke of Argyll, who had found it in the valley of Glen- 

♦ The slides sent us by Mr. Okeden are unoommonly rich in the various 
forms of DiatomaceiB, — Eds. 
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shira, the waters of which flow into Loch Fine, well known 
as a sea-locb, at its upper part. The sand occurs above a mile 
from the mouth of the valley, lying under a considerable 
depth of good alluvial soil. It is nearly black, with shining 
particles of mica, and very dense. It consists chiefly of the 
detritus of the surrounding mountains, formed of micaceous 
schist, and contains therefore much quartz and mica. There 
is also a considerable proportion of an iron ore, and of a dark 
matter of vegetable origin, and apparently somewhat of a 
peaty character. To the last-'named ingredients the dark 
colour of the sand is due 

On placing a little of it under the microscope, I noticed one 
or two Diatomaceous forms, such as a Namcula didyma^ a 
Cocconeis sctUellumy and a Synedra radians. But the propor- 
tion of these was so small that without some purification 
nothing could be dona After various trials, I found the fol- 
lowing plan to yield tolerably satisfactory results. 

The mass was first warmed, and when the violence of the 
action had passed, boiled, with the most concentrated nitro- 
muriatic acid. This not only dissolved the iron ore, but 
completely removed the dark organic matter, and left a sand 
of a pale-yellowish colour, in which the Diatomes were more 
easily seen. 

The next step was to remove, by subsidence in water and 
decantation, the greater part of the quartz and all but the 
finest and lightest scales of mica, which, having much the 
same density as the shells, could not be got rid of. Any 
attempt to push the process farther caused a loss of shells. 
The residue thus obtained was now found to be rich in Dia- 
tomes ; and when mounted in Canada balsam, the mica became 
so transparent as not materially to interfere with the exami- 
nation of the shells. The entire residue did not exceed l-20th 
of the original sand, and the Diatomes formed only from l-5th 
to l-3rd of the residue, so that they could not have amounted 
to much more than 1 or 2 per cent, of the mass. 

It will be seen from this, that the Glenshira deposit is of 
an entirely different character from those earths in which 
Diatomes have usually been found in the fossil state, such as 
the Raasay or Mull deposits, which consist entirely of Diato- 
maceous shells. On the other hand, it presents all the cha- 
racters of a lacustrine or estuarial deposit or mud, such as the 
Thames mud, or similar deposits now forming in estuaries or 
lakes. Of course the predominant mineral ingredients are 
such as are yielded by the adjacent rocks, and the Diatomes 
have merely been deposited in small proportion along with 
these. We shall see that there is a very remarkable analogy. 
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as far as concerns the Diatomes present, between this sand 
aiid the Thames mud recently described bj Mr. Roper in the 
second volume of the " Journal/' 

The first glance at the Glenshira sand under the micro- 
scope leads to the observation, that, like the Thames mud, it 
contains both marine and fresh-water forms. In this respect 
it resembles the deposit or mud of all estuaries. From its 
position, however, there is every reason to conclude that it 
was formed in its present locality, when that part of the valley 
was occupied by a fresh-water lake, which is now confined to 
the lower part of the valley, but has evidently extended much 
higher in former period& The question of course naturally 
occurs, whence came the abundant marine forms ? But this 
is easily explained, if we attend to what is going on in the 
present small fresh-water lake. The level of this lake is pre- 
cisely that of half tide, so that at high water the sea flows 
into it^ while at ebb tide the water of the lake runs into the 
sea 

This remarkable state of matters produces a mixture, in the 
lake, of fresh-water and marine forms, both animal and vege- 
table. The Duke of Argyll mentions, that nets, thrown for 
salmon in the lake, have been drawn up full of herring ; that 
other marine animals occur in it, and that marine algae are 
also found, dwarfed by the influence of the fresh water. 
Having been supplied with some of the deposit or mud now 
forming in the lake, I examined it, and found it very closely 
to resemble the sand from the higher level, save that the pro- 
portion of organic matter was considerably greater. But, like 
the older sand, it contains both marine and fresh-water 
Diatomes, and these belong in many instances to the same 
species. I have noticed some difference in the relative pro- 
portions of species, and I shall take an opportunity of care- 
fully studying the recent deposit or mud of the lake ; but in 
the mean time I can state, that in all essential characters the 
recent deposit agrees with the fossil one. 

From these facts it may be inferred that the lacustrine sand 
of Glenshira, which I refer to the post-tertiary period, on 
the authority of the Duke of Argyll and of Mr. Smith of 
Jordanhill, both of whom arc familiar with the localities, was 
formed in the lake when that lake occupied the part of the 
valley where the sand occurs, and that the relative levels of 
lake and sea were then the same as now. This seems to be 
the simplest mode of accounting for the abundance both of 
fresh-water and of marine forms. Had the sand been depo- 
sited in sea water, it could not have been, as it is, extremely 
rich in fresh-water species, and there is no reason to suppose 
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it to have been formed in an estuary, like the Thames mud, 
when we see a similar deposit in course of formation at the 
present hour in the fresh-water lake, not much more than a 
mile from the spot. 

But if this be admitted, then it must also follow that, since 
the relative levels of sea and lake were the same then as now, 
and since the snnd occurs at a considerably higher level than ' 
that of the present lake, — it must, I think, follow, that the sea 
has fallen, or the land has risen, since the period when the 
sand was deposited. This is a conclusion at which geologists 
have arrived in many instances, from other phenomena, such 
as raised beaches, as, for example, in the Clyde, with. which 
Loch Fine communicates. It is interesting to find the study 
of the Diatomaceous forms, occurring so scantily in this de- 
posit, assisting to throw light on one of the qwestiones vexatce 
of geology. 

I have said that the Diatomes are but. scantily diffused in 
the Glenshira sand ; and this is true, since they do not much 
exceed 1 per cent, of the mass. But when we examine the 
purified or cleaned residue, in which they are, as it were, 
concentrated, we are struck at once with the very large 
number of species present. 

In this respect the Glenshira sand far surpasses every de- 
posit hitherto described, even that of Mull, in which I have 
found 150 species, and the Thames mud, in which Mr. Roper 
detected 104 species. 

In the Mull deposit all the species, with a very few excep- 
tions, and these so rare as to be evidently accidental, derived 
from the proximity of the sea, and possibly carried by the 
winds, belong to fresh water. But in the Thames mud and 
in the Glenshira sand, as already stated, both classes of forms 
occur abundantly. It is this which accounts for the large 
nomber of species. Up to the present time I have recog- 
nised in the latter not less than 240 species, and I am quite 
satisfied that a good many remain to be identified. Judging 
from what has been done already, I cannot doubt that the 
number of species will, before long, amount to at least 250. 

In consequence of the circumstances under which it has 
been formed, this deposit does not contain any one or more 
greatly predominant form, as is generally observed to be the 
case in deposits formed where the Diatomes grew and died. 
As they have all been transported by water, they constitute, 
when the quartz, mica, and other matters which separate them 
are removed, a mixture of a very remarkable kind, in which 
a large number of forms are tolerably abundant, and a still 
larger number are pretty frequent, while none are so pre- 
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dominant as we find them in recent gatherings, and a good 
many are so scarce, that we have often to search long before 
finding additional specimens, although with patience we 
generally succeed in doing so. 

The peculiar constitution we have described renders a com- 
plete study of this deposit a work of much time and labour. 
I soon found that it was only by pursuing the minute and 
systematic mode of search which 1 have described in my 
account of the Mull deposit, that I could hope to determine 
the species present in this one. 1 have found it, however, 
advantageous, in consequence of the large number and relative 
scarcity of new forms in the Glenshira sand, to adopt the plan 
of marking any striking forms, or such as require to be ex- 
amined, or are to be figured, when first observed. I find the 
best way of marking is, after fixing on the form, to put on 
the 2-3rd objective, and under that power to place one spot of 
ink just above^ but not on, the form. This is much more 
rapidly and easily done than drawing a circle round it, and 
it interferes much less with the remaining forms. A note is 
kept of all the spots made on each slide, arranging them in a 
certain order, according as they follow in the regular course 
of sweeping the slides. By this means any marked form is 
instantly recovered ; and I have been able to place in the 
hands of Mr. West, in the course of one forenoon, a number 
of new and striking forms so great, that without some such 
method I could not have pointed them out, from their com- 
parative scarcity, under a much longer time. 

It may be here mentioned, that, in studying a mixture like 
the present, no examination, short of a thorough and minute 
search, would suffice. Without this we should infallibly miss 
a large proportion of the most interesting forms. To give 
some idea of the necessity of this, I may state that I have 
found it necessary to explore, minutely and repeatedly, 60 
well-filled slides of this deposit, and that I have not yet ex- 
hausted it, as even now I hardly ever search one of these 
slides without observing something new or interesting pre- 
viously overlooked. 

This is no doubt very laborious, but without labour nothing 
can be well done, and in the present case the results have been 
highly satisfactory. I have recognised upwards of 200 known 
species, while a number remain that for the present I cannot 
c xactly name, for want of good figures ; and besides this, I 
have distinguished about 25, probably more, new and un- 
described forms, most of which are very interesting. Such is 
a general account of the results obtained ; and after these pre- 
liminary remarks I shall now proceed to the details. I shall 
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first give the list of known species, under the two heads of 
marine and fresh-water forms, as Mr. Roper has done in the 
case of the Thames mud ; and I shall then brieflj describe the 
new species, which will also be figured. But as circumstances 
have rendered it impossible for me to have more than one 
plate in the present number of the ' Journal/ I am compelled 
to reserve one-half of the figures till the next number. 

It is proper to explain that I shall have to mention several 
new forms, as occurring in this deposit, which I do not figure, 
although no figures have as yet appeared of them. The reason 
is, that these forms have been recently observed by others, 
prior to me, and it is to be presumed that the first observers 
will take an early opportunity of describing and figuring 
them. I propose to figure all such forms as are now, for the 
first time, distinguished by myself, and also some striking 
varieties of known species, in which the Glenshira deposit is 
uncommonly rich, without further preamble, let us now 
proceed to the list of known forms. 

I. Marine Species^ 

including such as occur in both sea water and brackish water, 
as well as those which seem to belong to brackish water more 
especially : — 

1. Epitbemia Miiscnlus. 

2. Amphora affinis. 

3. „ tenera. 

4. „ oostata. 

5. Gooooneis Scatellom. 

6. „ Grevillii. 

7. CoBcinodiscuB radiatus. 

8. „ exoentricus. 

9. Eupodiscus crassus. 

10. „ Ralfsu. 

11. Campylodiscus parvulus. 

12. Sarirella fastuoea. 

13. „ constricta. 

14. Tiyblionella punctata. 

15. ,y acuminata. 

16. Nitzschia Sigma. 

17. „ angularis. 

18. „ birostrata. 

19. Amphiprora alata. 

20. „ constricta. 

21. „ vitrea. 



22. Amphipleura sigmoidea. 

23. Navicula Liber. 



Smithii.* 

Jenneri. 

oonvexa. 

elegans. 

palpebralis. 

punctulata. 

Easilla. 
ddyma. 

nitida.t 
granulata, Br^.{ 

34. Pinnularia di recta. 

35. „ Cyprinns. 

36. „ peregrina. 

37. Stauroneis pulcbella, 

38. „ Balina. 

39. PleuTOsigma formosum. 

40. „ angulatum. 

41. „ Balticnm. 

42. „ Btrigosum. 



24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 



n 
n 
n 
n 

>» 

>l 
n 



♦ N. tttipHea^ W. Sm. M. de Br^iason has given tbia name, on acoonnt 
of the term * eUiptica ' having been long applied to another species by 
continental writers. 

t This is a beautiful new species, to be figured in vol. ii. of Mr. 
Smith's * Synopsis.* 

X Also a very fine new form. Prof. Amott finds it in the Clyde. 

D 2 
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43. Pleuroeigma rigidum. 56. 

44. Synedra superba. 57. 

45. „ acicularis. 58. 

46. Gomphonema marinmn. 59. 

47. Achnanthes longipes. 60. 

48. „ brevipes. 61. 

49. „ Bubsessilis. 62. 

50. Rhabdonema arcuatum. 63. 

51. „ minutum. 64. 

52. Zygooeros Surirella.* 65. 

53. Gmmmatophora marina. 66. 

54. „ serpentina. 67. 

55. Amphitetxas antediluvianum. 

Total, 67 marine 



Biddnlphia aurita. 
Melofiira Borreri. 

„ sulcata. 
Orthosira nummuloides. 
Podosira hormoides. 

„ maciilata. 
Bacillaria paradoxa. 
Dictyocha Speculum, 
gracilis. 
Fibula. 

,, trifenestra. 
Schizonema Crux. 



99 



species. 



II. Fresh-water Species^ 
including such as occur in both fresh and brackish water : — 

1. Epithemia Hyndmanni. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 



79 
» 
99 

n 

19 



turgida. 

gibba. 

Argus. 

Zebra. 

Westermanni. 

Tupestris. 

Sorex. 

proboscidea. 

alpestris. 

longioomis. 

constricta. 



13. Cymbella Ehrenbergii. 



14. 
15. 
16. 
17. 
18. 



»> 



99 
99 
99 



Helvetica. 

Sootica. 

maculata. 

afiOuis. 

cuspidata. 



19. Eunotia Arcus. 



n 

» 



monodon. 

diodon. 

triodon. 

tetraodon. 

bigibba. 

Camelus. 

indsa. 

depressa. 

28. Amphora ovalis. 

29. „ minutissima. 

30. CocconeiB Pediculns. 

31. „ Plaoentula. 

32. „ Thwaitesii. 

33. Coscinodiscus minor. 



20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 



34. Cyclotella opeiculata. 

35. „ rotula. 

36. Campylodiscus costatus. 

37. „ bicostatus.f 

38. Surirella minuta. 

39. „ pinnata. 

40. „ ovata. 

41. „ BrigbtwelliL 

42. „ CrumeDa.t 

43. Tryblionella mai^nata. 

44. Cymatopleura Solea. 

45. Nitzschia sigmoidea. 



46. 
47. 
48. 
49. 
50. 






minutissima. 

aciculari«. 

linearis. 

amphioxys. 

viTax. 



51. Amphipleura pellucida. 

52. Navicula rbomboides. 



53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 



»» 
>» 
»» 

99 
>» 
»» 
>» 
l> 



»> 



ovalis. 

minutula. 

firma. 

affinis. 

ampbisbiena. 

crassinervia. 

lanceolata. 

gibberula. 

angustata. 

Semen. 



63. Pinnularia major. 

64. „ viridis. 

65. „ lata. 

66. „ acuta. 



»9 



• Figured by Mr. Roper in No. VIT. of the * Journal.* 
t Figured by Mr. Roper, loc. cU. 

X A new fresb-water species, first distinguisbed, I believe, by Professor 
Walker Amctt. 
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67. 


Pinnularia radiosa. 


106. 


Gomphonema dichotomum. 


68. 


»f 


oblonga. 


106. 


„ Fusticulu8.t 


69. 


» 


divergens. 


107. 


„ insigncj 


70. 


9j 


gibba. 


108. 


Meridion circulare. 


71. 


>» 


gracilis. 


109. 


„ constrictum. 


72. 


9» 


viridula. 


110. 


Achnanthes exilis. 


73. 


*9 


mesolepta. 


111. 


Achnanthidium lanceolatum. 


74. 


>» 


stauroQeiformis. 


112. 


„ coarctatum. 


75. 


f9 


latestriata.* 




Br^. 


76. 


»9 


undulata.* 


113 Himantidium majus. 


77. 


» 


tenuis.*, 


114. 


„ Arcus. 


78. 


» 


paira.* 


116. 


„ pectinale. 


79. 


t9 


exigua.* 


116. 


„ gracile. 


80. 


Stauroneis Phoenicenteron. 


117. 


„ bidens. 


81. 


» 


gracilis. 


118. 


Fragillaria cajjucina. 


82. 


n 


anceps. 


119. 


„ viresoeus. 


83. 


n 


dilatata. 


120. 


Odontidium mesodon. 


84. 


fi 


punctata. 


121. 


„ mutabile. 


85. 


n 


rectanenilaris.* 


122. 


„ Tabellaria. 


86. 


Pleurosigma attenuatum. 


123. 


„ Harrisoni.! 


87. 


Synedra Ulna. 


124. 


Denticula tenuis. 


88. 


n 


radians. 


126. 


„ sinuata. 


89. 


n 


pulchella. 


126. 


Tabellaria fenestrata. 


90. 


n 


obtusa. 


127. 


„ flocculosa. 


91. 


n 


biceps. 


128. 


„ ventricosa. 


92. 


fi 


lunaris. 


129. 


Diatoma vulgare. 


93. 


n 


acicularis. 


130. 


„ elongatum. 


94. 


Gocoonema lanceolatum. 


131. 


Melosira varians. 


95. 


n 


Cistula. 


132. 


Ortbosira arenaria. 


96. 


n 


cymbifonne. 


133. 


„ nivalis. 


97. 


n 


gibbum. 


134. 


Mastogloia elliptica. 


98. 


Gromphonema geminatuxn. 


135. 


„ Dansei. 


99. 


n 


acuminatum. 


136. 


Colletonema neglectum. 


100. 


n 


coronatum. 


137. 


„ vulgare. 


101. 


n 


curvatum. 


138. 


„ subflexile. 


102. 


n 


constrictum. 


139. 


Encyonema prostratiim. 


103. 


» 


capitatum. 


140. 


„ cespitosum. 


104. 


n 


tenellum. 







Total, 140 fresh-water species, which, added to 67 marine 
forms, gives a grand total of 207 species, known as British. 

To these must be added a few which have now, for the first 
time, occnrred in this country, thoagh known on the Continent. 
Such are — 

208. Navicula nodoBa,|| Kiitzing. 

209. Pinnularia pachycephala,^ Rabenborst. 

210. „ (Navicula)Gastrum.** Ehr. 

* These six species are figured in my account of tbe Mull deposit. 

t This species has lately been distinguished by Mr. Smith. 

t A new species, which I shall describe and figure in the next number 
of the * Journal,' along with several other recent forms, which I have 
observed during the past year. 

f A beautiful form, lately detected by Mr. Harrison. 

;To be figured in the next number of the * Journal.* 
Occurs also in the Mull deposit, and will be figured in next number. 
** This form is figured in the present paper. S^ fig. 20. 
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We have thus in the Glenshira sand 210 known and de- 
scribed species, with the exception of one or two recently 
observed and likely to be soon figured. But I feel quite 
assured that there are a good many more, belonging to this 
category, which I am unable clearly to identify, from the 
want of good figures, especially in those genera to be figured 
in vol. ii. of Mr. Smith's Synopsis. In particular, there 
appear to be several discoid forms of the genera Melosira and 
Orthosiraj &c., which will be found to be of known species. 

Let us now turn to those forms which appear to be un* 
described, of which the proportion is unusually great in this 
deposit It has been already mentioned that only about one- 
half of these forms can be figured on the accompanying plate, 
and that the remainder will be given in the next number of 
the * Journal.' It will probably be best to describe the forms 
here figured as they occur on the plate, in which the order of 
the Synopsis is followed. It must be borne in mind that some 
of the figures represent varieties of known forms, and that the 
two first belong to the two new forms observed by me in the 
Lillhaggsjon and Liineberg deposits, and described in last 
number of the ' Journal.' 

Fig. 1, Plate IV., shows two forms of Eunotia Falx^ W. 
G. This very remarkable form needs no farther descrip- 
tion beyond what will be found in the ' Transactions of the 
Microscopical Society,' vol. ii., p. 105. It has not yet oc- 
curred as a British form. It occurs with fresh-water species. 

Fig. 2 represents an example of Nitzschta Sigmatella^ 
W. G., also observed in the two deposits just named. But 
it occirs, as I have formerly stated, in the Mull deposit also ; 
and since describing it I have found it, not only in the sand 
of Glenshira, but also in a recent gathering from Elchies, in 
Banffshire. It is therefore a British species, and, from the 
Banffshire locality, belongs to fresh water. (211.) 

Fig. 3. Cymbella trujuxUa, W. G. This pretty and well- 
marked species occurs in the Mull deposit, but sparingly. It 
is frequent in the Glenshira sand, and cannot, I thmk, be 
referred to any of the species of Cymbella or Cocconema^ 
figured by Mr. Smith. Of course it is impossible, in a fossil 
deposit, to ascertain whether it be really a Cymbella, that is, 
free, or a Cocconema^ that is attached by a stipes. It is pos- 
sible and even probable, that this species has been noted on 
the Continent, but I have not been able to see any figure with 
which it can be safely identified. It is very uniform in its 
characters, always exhibiting the truncate or square ends from 
which I have ns^med it. It is sometimes a good deal longer 
than the figure here given, which may be taken as typical. 
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It is a fresh-water form, and I have found it in many recent 
gatherings. (2ll) 

Fig. 4. Amphora Arcus, W. G. This fine form has not 
occurred in its entire state, but is frequent in the detached 
condition. The halves have precisely the form of a strung 
bow, often very elegantly curved. The striae are coarse and 
moniliform. I have no certain means of ascertaining its 
habitat, but I suspect it to be marine. (213.) 

Fig. 5. Amphora incurva^ W G. This is also a very pretty 
form, most probably marine, and occurring detached, like the 
last. The striae are very much finer than in A. A reus. (214.) 

Fig. 6. Amphora atiffularis, W. G. This is a striking form, 
and unlike the two preceding it occurs now and then com- 
plete, when it exhibits short scjuare apices. It has a slight 
constriction in the middle. Habitat unknown. (2 1 5.) 

Fig. 7. Cocconeis transversalis, W. G. This neat little form 
is distinguished from the other species of the genus by having 
fine transverse striae. Its form is a pure oval. Habitat not 
known. (216.) 

• Fig. 8. Cocconeis speciosa^ W. G. This form is nearly allied 
to C SciUellum^ but is usually smaller, and has somewhat of 
an angular form. The chief distinction lies in the striae, which 
are much less numerous than in C. Scutelluniy not exceeding 
12 in •001", and they are formed of much fewer and much 
larger granules. Like C. Scutellum it occurs both with and 
apparently without a margin ; and it might be taken for a 
variety of that species, but for the number and peculiar 
character of the striae. I have closely searched several slides 
of marine origin, full of Cocconeis Scutellum of every degree 
of development, but I have not found in them one example of 
C speciosa, I therefore regard it as a distinct species. (217.) 

Fig. 9. Cocconeis distansy W. G. This very beautiful form 
is at once characterised by the equal size of the dots or gra- 
nnies, and their great distance from each other, so that it almost 
loses the aspect of striation. The form is purely oval. (218.) 

Fig. 10. Cocconeis costata, W. G. This is a fourth new 
species of the genus, and is at once characterised by its very 
strong and entire costse, which seem to be double lines or 
bands, expanding a little externally. It is a perfectly well- 
marked species. The habitat of this, as well as of the two 
preceding forms, is unknown, but they are probably of marine 
origin. (219.) 

Fig. 11. EupodiscuSy qu ? Ralfsii fi. This disc, which is 
not unfrequent, has a finely-radiate surface, the radii composed 
of small puncta, as in E. Ralfsii, But there is no trace of the 
peculiar blank spaces among the rays, which, so far as I know, 
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appear to be characteristic of E. RalfsiL This latter species 
occurs with the usual characters ; and I am inclined to regard 
the form, fig. 11, as distinct, but do not venture to give it as 
a species without further investigation. It is, in all proba- 
bility, a marine form. 

Fig. 12. Surirella fastuosa fi. This species is finely deve- 
loped, insomuch that it might almost be taken for a distinct 
species. I am disposed, however, to regard it only as a finely- 
developed S. fastuosa^ as figured by Smith, and probably more 
truly typical than the form he has figured. It agrees well, 
except in being larger, with Kutzing's figure. It is known to 
be a marine species. 

Fig. 13. Tryhlionella constricta^ W. G. This pretty little 
form is very frequent in the deposit. Its form is that of 
Cymatopleura apiculata, but it is very much smaller, and has 
all the characters of Tryhlionella, Striae transverse, fine, but 
distinct. I am informed by Mr. West, that he long ago met 
with it in gatherings from Poole Bay. It is a marine form. 
(220.) 

Fig. 14. Amphiprora mtrea^ fi ? This fine form is frequent 
in the deposit The peculiar arrangement of the median line, 
with its double curvature, at once strikes the eye. Indeed, on 
comparing it with the figure of A, vitrea^ in the ' Synopsis,' it 
might be supposed to be a distinct species. But in the mean 
time, and until further examination, I refer it to the species 
named. It is a marine species. 

Fig. 15. Navicula birostrata^ W. G. This is a well-marked 
species. Form elliptical, with contracted, slightly produced, 
somewhat truncate apices. Striae fine, somewhat inclined. It 
appears to vary a good deal in size. Habitat unknown. (221.) 

Fig. 16. Navicula rhombicay W. G. This beautiful form 
is frequent in the deposit. Its form is rhombic, varying from 
short and rather broad, with obtuse apices, to long and narrow, 
with acute apices. Striae very fine, transverse, quite distinct, 
even in balsam, which at once distinguishes it from N, rhomr 
boides. The median line and central nodule are also quite 
different ; and, in consequence, it differs totally in aspect from 
N- rhomboides^ which is also present in the deposit, and with 
which it cannot be confounded. Habitat not known. (222.) 

Fig. 17. Navicula pastroides^ W. G. This form, when 
small, has some resemblance to N pusilla ; but is of much 
stouter habit, and has a brown colour, even in balsam. Besides 
this, it occurs much larger, being then more elliptical, while 
the smaller individuals are often almost orbicular. Striae 
radiate and inclined. The median line and central nodule are 
very strongly developed, and the short apices appear as the 
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truncate extremities of the broad median line. Its habitat is 
not certainly known. (223.) 

Fig. 18. Naviada crassa^ W. G. This is a fine and well- 
marked species. Form elliptical, with a very slight inflexion 
before the obtuse apices. It varies considerably in size ; has 
a very stout habit, and a brown colour in balsam. There is 
a large round spot in the centre, within which the two halves 
of the median Une terminate in small round knobs, but do not 
meet. Striae transverse, very fine, but distinct, not quite 
reaching the central line. It is frequent in the deposit, and is 
probably a marine form. (224.) 

Fig. 19. Navicvla maxima^ W. G. This is a fine large 
form, much less frequent than any of the preceding. Form 
linear, elliptical, broad, with obtuse extremities. Striae fine, 
transverse, reaching the central line. There seems to be a 
variety which is longer and narrower. Habitat unknown. 
(225.) 

Fig. 20. Pinmdaria (Navicula) Gastrum^ Ehr. This little 
form is new to Britain, having been found by Ehrenberg in 
Mexican and North American gatherings. It is short, broadly 
lanceolate, with obtuse extremities slightly constricted. Striae 
distinct, strongly radiate. The habitat is not given in Kiitz- 
ging, but it is probably marine. (226.) 

Fig. 21. Finnularia apiculataj W. G. This is another 
well-marked little species, which is not rare in the deposit. 
Fomi linear, narrow, contracted to small truncate apices. 
Striae distant, transverse, hardly reaching the median line. 
Habitat unknown. (227.) 

Fig 22. Synedra Vertebra^ W. G. This form, which is 
very frequent in the deposit, belongs to the same division as 
S.pulcheiia and S. acicularis. It differs, however, from both 
these forms, which also occur in the deposit, and can thus 
be compared with it, in the remarkable relative width of the 
central portion, which has a somewhat curved outline, and 
the equally remarkable way in which it suddenly contracts to 
the very slender terminal portions. In the largest specimens, 
these are very long. Its form resembles that of certain ver- 
tebrae, and it has been named so as to recal this resemblance. 
Nodule strongly developed. Striae very fine. The habitat of 
this species is unknown. (228.) 

Fig. 23. Synedra undulans, W. G. This is, perhaps, the 
most remarkable of all the forms in the Glenshira sand. It 
is exceedingly elongated, and so slender that a perfect 
specimen has not yet occurred to me. It consists of a middle 
portion rather wider than the rest, tapering both ways to a 
very small width. From this point it extends on both sides, 
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for a long way, of uniform width, and terminates in small 
oval expansions. The narrow part has strong moniliform 
striae, which, in the central and terminal expansions, are 
resolved, except just at the margin, into a general granulation. 
The margin is undulated, except for a short distance from 
each apex. It will be seen by one of the figures, which is 
not so long as some are, that the narrow part, on one side, 
without any part of the central long expansion, is frequently 
so long as to extend the whole way across the field, with a 
power of 400, that is, probably, l-50th to l-40th of an inch. 
This would make the length of the entire form to be probably 
from the l-20th to the l-i5th of an inch, or more. This, with 
its extreme tenuity , accounts for its not occurring entire in a 
deposit carried by water, where it must have been constantly 
agitated. I have been informed by Mr. West, that a similar 
form, possibly of the same species, although shorter, occurs in 
a gathering from Port Natal, in the hands of Mr. Shadbolt. 
This curious 8y nedra is, therefore, a marine form, and I 
anticipate that it will be found recent on our own coasts. 
(229.) 

Having now briefly described the new forms in the Glen- 
shira sand, so far as they are here figured, I am compelled to 
postpone the remainder to the next number of the Journal, 
in which another plate will be required for them, as very 
nearly as many remain to be described as we have now been 
enabled to figure. In the meantime, besides the JEttnotia 
Falx^ which is not yet a British form, we have described 18 
new forms, all from this one deposit, and one new to Britain. 
These, added to the list of known forms, make up the 
number of 229 species now recorded as occurring in the 
Glenshira sand, besides those to be hereafter noticed and 
figured. 

It may be noticed here, that I intend to publish, as soon as 
the necessary figures can be prepared, a description of a very 
remarkable series of forms, occurring both in the Glenshira 
sand, and in various fresh-water gatherings, in which, indeed, I 
first observed them. They agree perfet tly in general aspect, 
and the peculiar characters of the markings ; but differ to a 
very surprising degree in form or outline. These may possibly 
constitute several species, and would certainly be considered 
as such by some authorities. But, both on account of their 
resemblance, or rather identity, in markings, and from the 
occurrence of intermediate or transition forms, by which the 
different types appear, in many cases at least, to pass into 
one another, there is some ground for regarding them as be- 
lonjjing to one spocies. Without deciding this question, I 
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haTe, for the convenience of description, grouped them under 
the name of Navicula varians^ and I feel assured that the study 
of these forms will throw much light on the question, to which 
I have already directed attention, of the true value of form as 
a specific character. 

I cannot conclude, for the present, without expressing the 
very great obligations I am under to Mr. Tuffen West, not 
only for the great care and accuracy with which he has drawn 
and engraved the figures, but also for the valuable assistance 
I have derived from his extensive and exact knowledge of 
the British Diatomace® in this long and laborious investiga- 
tion. It is, indeed, fortunate for British microscopists that 
they have an artist who is not more distinguished for the 
beauty of his drawings than for his knowledge of the micro- 
scope, and his intimate acquaintance with the objects to be 
represented. 

N.B. — Since the preceding pages were printed, I have 
observed a fragment of Synedra undulans in a slide from 
Poole Bay, sent to me by the Rev. W. Smith. I have no 
doubt that the gathering, if searched, will yield entire speci- 
mens. I am also informed by M. de Brebesson that he has 
seen the same form in marine gatherings from Brest, but 
supposed it to be ^. gigantea^ Lobarzewsky, from which species^ 
however, he now finds it to be quite distinct. 

I may take this opportunity of mentioning that the follow- 
ing species must be added to the list of known forms in the 
Glenshira sand, as I have noticed them quite recently. 

230. Trybleonella angusta, 

231. „ Scutellum. 

232. Ampbiprora elegans, Bleakley. 

No. 232 is a splendid marine form, observed last spring 
by Mr, Bleakley, near Harwich. No. 234 is a very fine 
marine species, which occurs in great< abundance along with 
232 at Poole Bay. I have understood that Mr. Smith has 
named it as above, but that it may possibly be referable to 
another species. — W. G. 



233. Gomphonema cristatum. 

234. Mastogloia apiculata. Sm. 



A fno Remarks on a Paper ^ read before the Royal Society by 
Dr. J. W. Griffith, on the Angular Aperture ^ Object^ 
Glasses. By Dr. F. d'Alquen. 

In the last number of the ' Microscopical Journal ' an abstract 
of the above paper was given, and, if you think the subject of 
sufficient interest to your readers, I should feel obliged if the 
following observations could appear in your next number, in 
refutation of the only novel point in Dr. Griffith's paper. 
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Mr. Wenham states, in one of his valuable papers, that the 
markings on test objects become visible by a contrast of light ; 
and the attention of the reader will at once be brought to the 
point upon which the whole question hinges, when I add that 
the gist of Dr. Griffith's paper is an attempt to show how this 
contrast of light is produced, and why the markings can only 
be seen under an object-glass of large angular aperture, and 
not with one which is deficient in this respect, however great 
its magnifying power may be. In answering these proposi- 
tions the Doctor states, in substance : — The markings, those 
on a valve of a Gyrosigma^ for instance, being in reality de- 
pressions, the light, on passing through them, suffers ^eater 
refraction from the perpendicular than the set of rays corre- 
sponding to the undepressed, thicker, and therefore more 
highly refractive portion of the valve, and we have thus two 
sets of rays of different degrees of obliquity — the former of 
which, as the most oblique, is tilted out of the field of the 
microscope, whilst the second set is admitted, if the angular 
aperture of the object-glass is sufficiently large ; and thus is 
the contrast of light produced which renders the markings 
visible. K the aperture of the object^lass is deficient, no 
contrast is produced, and the markings remain invisible ; but 
the explanation of this point is the author^s difficulty, and it 
is not easy to single out in precise language his meaning. At 
all events, the *' rem invisam verba sequuntur " we cannot apply 
to this part of his explanation, which, in so acute an observer 
as Dr. Griffith generally is, can only be accounted for by his 
labouring under the difficulty of having to reconcile facts to a 
preconceived speculative theory of his own. 

It is self-evident, if the tilting out of one set of rays were the 
cause of the markings becoming visible, that this must equally, 
and even more readily, take place under an object-glass of 
small aperture, because not only the rays tilted out from the 
objectp^lass with large aperture, but even those admitted by 
it, as far as they exceed the angular aperture of an objects 
glass with deficient aperture, are naturally excluded, or tilted 
out with regard to the latter ; in fact, no rays could by any 
possibility become excluded from an object-glass, with large 
aperture, which were not eo ipso also tilted out from an object- 
glass with deficient aperture : it is therefore clear, as expe- 
rience tells us, that certain markings cannot be seen with such 
a glass under any circumstances, that the contrast of light is 
not produced in the manner stated, nor can the tilting out of 
certain rays, if it takes place at all^ be the cause of rendering 
the markings visible. This objection loses, also, nothing of its 
force when the author states, that the angular aperture must 
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be greater as the markings are more delicate, because it would 
require greater obliquity of the light to exclude one set, and 
the other would be too oblique to enter the object-glass, unless 
it be of corresponding large aperture. Now I do not see the 
cogency of this, because, in this sentence, if he had said, that 
the obliquity of light required must be greater if the aperture 
was large, I readily could understand him, though the inverse 
would be equally clear, viz., that the obliquity of the light 
required for the exclusion of one set of rays would be less, if 
the aperture were small; but why the obliquity must be 
greater as the markings are more delicate I cannot understand, 
nor has the author given us any reason for it, but assumes it 
as a natural consequence, as implied by the word ^' because." 
If there was a law in optics, that, by greater obliquity of 
light, the ratio of con- or di-vergence between two rays was in- 
creased, I readily could admit the pertinence of the above 
remark ; but that would be saying that the refractive index of 
any medium varied with the angle of incidence, while we 
know that the sinuses of the angles of incidence and refraction 
stand, with re^rd to the same medium, always in a constant 
proportion. The greatest obliquity of light is therefore sepa- 
rate, the two sets of rays not more than they are under onli- 
nary illumination. Further, if the second set is likewise too 
oblique to enter the object-glass, if not of corresponding large 
aperture, it would follow, that, under an object-glass of defi- 
cient aperture, both sets of rays, those corresponding to the 
depressed (the first), as well as those corresponding to the 
undepressed portion of the valve ^the second set), are excluded, 
and thus nothing at all of the object could be seen, which is 
simply absurd. In disregard of the simple and plain fact that 
the effic&cy of the greater over the lesser aperture depends 
upon the admisnon and not upon the exclusion of certain rays, 
the author goes on to say : ^^ The most difficult point has been 
to explain how it is that an object-glass of large aperture will 
render markings evident which were not visible under an 
object-glass of smaller aperture." I freely admit that, as I 
have shown, if we adopt the author's theory, the explanation 
is not only difficult but impossible. Nor does this difficulty 
vanish, as he states it does, when we recollect that the addi- 
tional rays admitted by the larger aperture are more oblique ; 
because, how can the admission of additional rays prove the 
tilting out of others, which is the point at issue ? Observe : 
hence one set of rays will be refracted from the field (pray, 
why?), ii[hilst the other will enter. In my opinion, there is 
no sequitUTf which that very convenient little word " hence " 
seems to imply, but the same gratuitous assumption as we have 
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already noticed before. Moreover, it must not have appeared 
quite conclusive to the author himself, because he continues : 
^* Or to simplify this most important point, the object may be 
regarded as illuminated by two sets of rays, one correspond- 
ing to those admitted by the object-glass of the smaller aper- 
ture, the other set, to these plus those admitted by the excess 
of angular aperture of the second over the first." Now we 
may not only regard with the author the object as thus illu- 
minated, but we know that such is actually the case, and that 
the efficacy of the larger aperture over the lesser depends 
simply on the admission of additional rays which were too 
oblique to enter the latter ; but simple as this is, we must ask 
again, how can the admission of additional rays, here assumed, 
prove the tilting out of others ? Mark the answer : the first 
set not being sufficiently oblique to allow a portion of them 
being refracted beyond the angular aperture of the first object- 
glass, while the second set are so. Now every one will admit 
that this illustration proves nothing, because the rays admitted 
by the first object-glass are as oblique with regard to its 
angular aperture, and the practicability of becoming tilted out 
as the rays entering the second to its corresponding larger 
aperture. 

Another objection which is, a priori^ as palpable as those I 
have already noticed is this : if the markings are rendered 
visible, by the tilting out of certain rays, it would follow, 
as the fewer rays will be tilted out the greater the aperture, 
that the markings, instead of becoming more distinct, must have 
their distinctness impaired in the same proportion as the 
angular aperture is increased ; yet experience tells us that the 
reverse is the case. If we further assume that the illumina- 
tion remains the same, the more we increase the angular aper- 
ture, the more it would become impossible to realize the 
alleged conditions for rendering the markings visible; and 
with every degree added to the aperture, the markings ought 
to get fainter, which is contrary to the fact. Lastly, from the 
excessive minuteness of the depressions, it appears to me 
highly improbable that the difference thereby occasioned in 
the thickness or substance of the valve should be the cause of 
giving a different refractive index to different portions of the 
valve ; and I feel more inclined, with other observers, to attri- 
bute the modification which the light undergoes, on passing 
through it, to peculiarities in the structure of the markings 
themselves. However, let us proceed from assertions and 
counter assertions to practical experiment, the ultioaa ratio 
in an inductive science. 

By means of a small pipe of an injecting S3rringe, with an 
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opening of 1*30" diameter, fixed to a small glass tube in an 
adaptor, in the place of the achromatic condenser, I illumi- 
nated the prepared valve of a Pleurosigma Balticum, mounted 
dry, by as direct and straight a light as could be done ; and 
under an object-glass (i), whose aperture I had reduced to 50^, 
both sets of striae were visible. I next increased the aperture, 
by substituting a larger stop, to 65^, and the markings became 
much more distinct. A similar result was obtained by suc- 
cessively inci'easing the aperture to 75°, and, lastly, to 90°, 
when the distinctness of the markings was most strikingly 
increased, and the whole object more brightly illuminated. . 
It cannot be doubted that a similar result would have been 
obtained, had I been able still to increase the aperture of the 
object-glass ; and if the author's theory was correct, in doing 
BOj the light being straight, the markings ought to have be- 
come fainter and fainter, and disappeared entirely at last, as, 
with every degree added to the aperture, fewer rays could 
become refracted out of the field of the microscope. 

This experiment proves further, the light being direct and 
straight, that the obliquity of the emerging rays must be due 
to the peculiar structure of the markings, and does not arise 
from a difference of density, as assumed by the author ; and 
further, that the visibility of the markings depends upon 
aperture and not upon illumination, though the latter may 
serve to increase their distinctness, while, without the former, 
any kind of illumination would remain ineffective. 

A similar experiment, previously made, having made it 
probable that the set of rays corresponding to the depressions 
did not pass through them at all, but was completely inter- 
cepted, and either refracted or reflected into the substance of 
the valve towards the margin of the depressions, thus leaving 
the latter themselves dark, it was desirable to devise another 
experiment, on such a scale as would admit of a practical 

rroof regarding the phenomena concerned. For this purpose, 
put a thin layer of Canada Balsam, nearly deprived of its 
turpentine, so that it hardens as quickly as it cools, on an 
ordinary glass slide, and, with the delicate bristles of a seed 
of an Erodinae, I made a number of minute markings respect- 
ing depressions while the balsam was yet soft, but not so soft 
as to stick.* It being admitted that the markings on the 
gyrosigma, for instance, consist of depressions in the siliceous 
substance of the valve, and Canada Balsam having almost 
the same refractive index as silica, agreeably to Mr. Wenfaam*s 

• If the balsam is already too hard, it cracks, the surface of the depres- 
sions, becomes uneven, and forms new sources of refraction, which is also 
the case if the markings penetrate down to the glass. 
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experience, I had thus, as nearly as I could, imitated, on a 
large scale, the valve of a Gyrosigma, On examination of the 
slide thus prepared under the microscope, I found it covered 
with dark spots or dots, surrounded by a very lumi^ 
^. nous margin or ring. This may even be seen if the 

®|8r slide is laid on white paper and closely examined ; 
^ each indentation produced in the layer of balsam 

will instantaneously be followed by a shadow or dark spot on 
the paper, with its halo. 

Now, if the markings bad, in this instance, been as close 
and near to each other as is the case in the valve of a Gyr(h 
siffma^ for instance, this experiment would have lost a great 
deal of its interest, because, in that case, the luminous rings 
would have become confluent, if I may borrow this expression, 
and invisible, by being lost in, and forming the general illu- 
mination of the undotted portion of the layer ; but, as seen 
now, each opaque spot has it own halo, which is of course 
produced by the interception of the rays corresponding to the 
depressions, which, instead of passing through them, emerge 
at their margins, thus forming a luminous ring, leaving the 
depressions themselves dark. Now, be it well observed, this 
is the identical set of rays which, according to Dr. Griffith's 
theory, is refracted out of the field altogether ; and it is evi- 
dent, if that had been the case in this instance, the luminous 
rings would not have been formed at all. But in order fur- 
ther to prove that no rays are tilted out of the field proceeding 
from the depressions, I drew out before the blowpipe a small 
glass tube in a very fine hair-like filament, and this delicate 
condensor I held directly over the opaque depressions, with- 
out, however, receiving any evidence of rays issuing there- 
from, while the portion above the halo was likewise brilliantly 
illuminated. This is, I think, the most direct way of 
disproving Dr. Griffith's hypothesis. If the phenomena 
witnessed in this instance are the same as occur in the exa^ 
mination of the valve of a gyrosigma, the manner in which 
the markings are displayed and rendered more or less dis- 
tinct, accordingly as the aperture of the object-glass is large 
or small, finds an easy and natural explanation in the differ- 
ence of the aperture itself, and its ordinary operation. The 
luminous rings are formed mainly of oblique rays proceeding 
from the lowest point of the depressions upwards and round 
them ; the greater the aperture, the more oblique rays enter, 
and the greater the contrast, and vice versa* If we depress 
the object-glass gradually, we can trace the rays down to the 
point from which they proceed — the dark spot gradtmlly dis- 
appears, and is at last replaced by a very brilliant point, from 
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which the rays seem to radiate in all directions ; if we depress 
still further, this luminoas spot also disappears, and we see 
nothing bat the uniformly-illuminated layer of balsam. If 
the aperture of the object-glass is small, the luminous rings 
are either not seen at all, or fainter, in proportion to the 
extent of the aperture; and, on depressing the object-glass, 
the opaque spots disappear at once, and we cannot trace the 
rays of the ring down to the lowest point. For the sake of 
greater accuracy, I made these observations with the same 
object-glass, the aperture of which gradually diminished by 
stops. It is also necessary that, during the different trials, we 
should always have the same focus ; this cannot be done by 
looking at the opaque depressions, but by bringing any other 
fine mark or scratch on the surface of the layer always first to 
its exact focus. Candlelight is preferable to daylight I did 
not use a condensor, but the ordinary plane-reflecting mirror, 
being anxious to study the phenomena under their most simple 
conditions. At certain inclinations of the mirror, the dots 
become much elongated, so that one can easily understand 
how rows of dots, if close together, produce the appearance of 
lines. I have thus not only proved that the theory advanced 
by Dr. Griffith is untenable, and contrary to fact, but also 
shown, or made it at least probable, how the contrast of light 
is produced which renders the marking visible. 



On the Structure of Noctilttca miliarib. By Thomas H. 

Huxley, F.R.S. 

Amono the many striking and beautiful appearances pre- 
sented by the Ocean., there is none, perhaps, which has 
more attracted the attention both of the naturalist and of the 
casual observer, than the silvery, sparkling, phosphorescent 
light, which may often be seen on dark nights, illuminating 
the track of every boat and defining the contours of the 
waves as they break upon the shore. 

After long serving as a fertile subject of doubt and dis- 
cussion, it is now well known that this luminosity proceeds 
from many sources ; in the main, from living invertebrate 
animals — Protozoa, Polypes, Medusae, Annelids, Crustaceans, 
&c. Among these again, the chief and most important part 
is played, as was first shown in the middle of the last century 
by M. Rigaut, and again in 1810 by M. Suriray,* by a sin- 
gula and anomalous creature of very simple organization, the 
Noctiluca miliaris. 

* See QuatrefageSf le. I regret that I have not access at this tnoment 
to M. Boiiray's paper. 

VOL. 111. B 
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According to M. Suriray the Noctiluca is a spherical gela- 
tinous mass, provided with a long filiform tentacle or a])- 
pendage, presenting a mouth, an oesophagus, one or many 
stomachs and ramified ovaries, and thus possessing a certain 
complexity of organization. De Blainville confirmed Suri- 
ray 's account, and placed Noctiltica^ without douht most erro- 
neously, among the Diphydae. On the other hand, Van Beneden 
Verhaeghe and Doydre, denying the rielation of Noctiluca 
with the Acalephse — and conceiving its organization to be 
of a much more elementary character — relegated it to the 
Rhizopoda. 

To this doctrine M. de Quatrefages also attaches the 
weight of his authority in his valuable essay ' Observations sur 
les Noctiltupies^ published in the Annales des Sciences Nat. 
for 1850. M. de Quatrefages does not admit the existence 
of any true mouth or intestinal canal, and considers that the 
so-called stomachs are nothing but ^vacuoles* similar to those 
observed in the Rhizopoda and Infusoria. 

In a short memoir published in Wiegmann's Archiv. for 
1852, however, that excellent and most accurate observer, 
M. Krohn, carried the subject a stage further, and showed 
that the organization of Noctiluca is more complex than has 
been supposed. Krohn carefully describes and figures the 
mouth oi Noctiluca and the long vibratile cilium^ which he 
was the first to observe, proceeding from it. Krohn draws 
particular attention to the oval body first described by 
Verhaeghe, which he considers to be the homolog^e of 
the ^ nucleus^ of the infusoria; and describes the ejection 
of fsecal matters. Arranging the Noctiluca among the 
Protozoa, Krohn points out some interesting structural 
analogies with Actinophrys and Paramcecium, 

I will now proceed to detail the results of my own ob- 
servations. 

Noctiluca miliaris (Plate V. figs. 1, 2) may be best de- 
scribed as a gelatinous transparent body, about l-60th* of an 
inch in diameter, and having very nearly the form of a peach ; 
that is to say, one surface is a little excavated and a groove 
or depression runs from one side of the excavation half way to 
the other pole (echancrurey Quatrefages. Fraueiibnsmahnliche 
Einbuchty iJ^rohn). Where the stalk of the peach might be, 
a filiform tentacle, equal in length to about the diameter of 
the body, depends from it, and exhibits slow wavy motions 
when the creature is in full activity. I have even seen a 

• The extremes of size are given by Krohn as 1-7—1 millinietre 
= 1-170 — 1-25 inch about. 
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Noctiluca appear to push repeatedly against obstacles, with 
this tentacle. 

The body is composed of a structureless and somewhat 
dense external membrane^ which is continued ^ on to the 
tentacle. Beneath this is a layer of granules or rather a 
gelatinous membrane, through whose substance minute gra- 
nules are scattered without any very definite arrangement. 
From hence arises a network of very delicate fibrils, whose 
meshes are not more than l-3000th of an inch in diameter 
(fig. 6), and these gradually pass internally, — the reticulation 
becoming more and more open — into coarser fibres, which 
take a convergent direction towards the stomach and rmcleus. 
All these fibres and fibrils are covered with minute granules, 
which are usually larger towards the centre. 

Quatrefages states that these granules may be seen to glide 
from the centre to the circumference, and vice versdy propelled 
by the contractions or expansions of the transparent matrix 
in which they are imbedded; that new fibrous processes 
(expansions) arise on the central mass and unite, dividing and 
subdividing, with the neighbouring ones — and that if the 
creature be irritated, the fibres and fibrils become detached 
from the investing membrane, and are drawn in towards the 
mouth "like threads of a very viscid liquid, which retract 
slowly after being broken." 

All these appearances may be very readily seen ; but I am 
strongly inclined to believe that the greater part of them are 
abnormal states, and that in their natural and perfectly un- 
altered condition, the fibres and fibrils are perfectly quiescent, 
and present nothing to be compared with the protean move- 
ments of the ArruBbcB. In their perfectly fresh and unchanged 
state, in fact, the fibrous network is by no means so obvious 
as it usually appears, and in such specimens I have been 
unable to convince myself that the granules undergo any 
change of place — certainly there is no protrusion and retrac- 
tion of processes to be compared with that which takes place 
in the Khizopoda.* 

The oral aperture has been satisfactorily described by 
Krohn. Supposing the animal to lie upon its oral face (the 
attitude it commonly assumes), with its tentacle forwards — 
the oral aperture appears as a sort of half oval, with a nearly 
straight edge anteriorly, and a deeply-curved outline pos- 
teriorly (fig. 4). 

"* ELtohn states, that he could hardly ever cause the Noctilucce to con- 
iract by mechanical or chemical irritation; but that he once saw one 
which repeatedly contracted before falling into the permanently wrinkled 
and collapsed condition, into which they so readily pass. 

E 2 
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The anterior edge is not quite straight, but is formed by 
two ridges, apparently of a harder substance than the 
remainder of the outer membrane, which run up on the two 
sides of th» fissure, and ui>ite, forming a very obtuse angle, 
open anteriorly, in the base of the tentacle. 

The latter is a subcylindrical filament of 1-1 800th inch 
diameter, more or less flattened, sometimes quite flat at its 
free end, which is rounded at the apex. It is a little broader 
at its base than elsewhere, and consists of an external struc- 
tureless membrane continuous with the general investment, 
and of an internal substance, which is so marked by transverse 
granular lines, as very closely to resemble a primitive 
fibril of striped muscle. I agree with Krohn that the 
striation is not in the external membrane, as Quatrefages- 
states. 

From the bottom of the oral cavity a very delicate filament 
(fig. 3), which exhibits a rapid undulating motion, is occar- 
sionally protruded, and then suddenly withdrawn. Krohn, 
who first discovered this singular organ, considers that it plays 
an important part in sweeping nutritive matters into the oral 
cavity, and there can be little doubt that such is the case. I 
would warn future observers not to be easily discouraged in 
their search for this organ. I had sought for it in at least 
fifty individuals without success ; and nothing but the firm 
confidence in M. Krolm's accuracy, with which frequent 
working over his ground has inspired me, led me to per- 
severe until I had discovered it. Among the great numbers 
of NoctitUccB which I examined, however, I did not observe 
half a dozen which presented a good view of the cilium. 

Under these circumstances, I do not comprehend how it is 
that M. Krohn should have overlooked a very remarkable 
structure which requires no such sharpness of vision as that 
to which I have just alluded. I refer to an S-shaped ridge 
arising close to the right extremity of the anterior oral margin 
above described, and passing down on the right side of the 
oral aperture to form its lateral and posterior boundary. 

This ridge is homy-looking, and is considerably produced 
in its middle portion into a tricuspid prominence (fig. 4 </), 
for which I know of no better name than a ' tooth.' This tooth 
is about l-7000th in. high ; its middle cusp is stronger than 
the other two, and bifid, while the posterior has a slight 
pointed heel. I have never observed any movemoit in this 
tooth-like body. 

Behind it the oral aperture narrows to inclose what may be 
termed a post-oral space, and theii widens again ; the eleva- 
tions bordering this post-oral space are continuous with those 
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which fomi the sides of the triangular groove or fissure, which 
has been above described as running up on one side of the 
body (figs. 1, 2 i). In the midst of this flattened post>K)ral space 
there is a small funnel-shaped depression, which I am strongly 
inclined to believe is an anal aperture (fig. 3^. 

The oral aperture leads into the granular mass of the ali* 
mentary cavity, from which the fibres and fibrils radiate. 
Qoatrefages says : — 

** At one part of the groove of which we have spoken, and near the 
point of insertion of the appendage, there is always a little mass of 
different substances, sand, &c., which can only be detached with great 
difBcalty. When this has been done these foreign bodies are seen to have 
.imply idhei«d to a Bemi-transparent, granularlubstanoe, which projects 
Uke a hernia, so to say, from a little orifice (month of authors) by which 
the membranes are perforated. This external substance is continuous 
with a much larger internal mass of the same nature, whose dimensions 
and form vary in each individual. 

'' However carefully I have sought for a digestive canal of any kind, I 
have never been able to discover anything of the sort ; but I have very 
frequently seen more or less considerable vacuoles in the midst of this 
substance. It is these most probably which have been regarded as 
stomachs by MM. de Blainville and Suriray." 

I have never seen this projecting mass nor any foreign 
bodies in the position indicated by Quatrefages, in perfectly 
fresh specimens. In those which had undergone alteration, 
on the other hand, such an appearance was frequent, but it 
invariably appeared to me to result from a partial extrusion 
of the contents of the stomach. 

The appearance of ' vacuoles,' on the other hand, is almost 
invariable in fresh specimens ; but I cannot think that these 
clear spaces, which are defined by a well-marked membra- 
nous wall, have any analogy with the shifting * vacuoles ' of 
the Infusoria and Rhizopods. It appeared to me, on the other 
hand, that the oral cavity led directly in a definite stomach, 
whose walls are capable of very great local dilatation, such 
dilatations, connected by very narrow pedicles with the central 
cavity, then having all the appearance of independent vacuoles 
(fig. 3 e). The accumulation of granules around the central 
mass greatly contributes to this appearance. Like Krohn, 
I frequently noticed large Diatomaceee and other foreign 
matters in these gastric pouches. 

Not only does all I have observed lead me to believe that 
Noctiluea has a definite alimentary cavity, but I am, as I 
have said above, inclined to think that this cavity has an 
excretory aperture distinct from the mouth. The funnel-shaped 
depression in the post-oral area, in fact, always appeared, 
when I could obtain a favourable view, to be connected with 
a special process of the stomach. On one occasion I observed 
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the sides of this process to be surrounded by fusiform trans* 
versely-^triated fibres or folds, I could not determine wbicb. 

Krohn states that he repeatedly saw the egesta voided * in 
the neighbourhood of the groove of the body,' but he could 
not determine at what exact point, and he inclines to think it 
must have taken place through the mouth. 

I am equally unable to biing forward direct evidence on 
this point, and my belief in the existence of a distinct anus is 
founded simply- on the structural appearances. 

In front of and above the gastric cavity is the nucleus (c), 
described by Verhaeghe and Krohn. This is a strongly re- 
fracting, oval body of about l-460th inch in length, which, 
by the action of acetic acid, assumes the appearance of a 
hollow vesicle. The anterior radiating fibres pass from it; 
the posterior from the alimentary canal. 

Quatrefages and Krohn consider that a process of fissiparous 
multiplication takes place in Noctiluca; both of these ob- 
servers having found double individuals, though very rarely. 
According to the latter writer, division of the body is pre- 
ceded by that of the nucleus, I have not had the. good fortune 
to meet with any of these forms, and the only indication of a 
possible reproductive apparatus which I have seen consisted 
of a number of granular, vesicular bodies (fig. 5 A), of about 
l-2000th inch in diameter, scattered over the surface of the 
anterior and inferior part of the body. 

Such is what repeated examination leads me to believe is 
the structure of Noctiluca; but if the preceding account be 
correct it is obvious that the animal is no Rhizopod, but must 
be promoted from the lowest ranks of the Protozoa to the 
highest. 

The existence of a dental armature and of a distinct anal 
aperture, are structural peculiarities which greatly increase 
the affinity to such forms as Colpoda and ParamcBcium^ indi- 
cated by Krohn. Noctiluca might be regarded as a gigantic 
Infusorium with the grooved body of Colpoda^ the long pro- 
cess of TracheliuSy and the dental armature of Nassula umted 
in one animal. 

On the other hand, the general absence of cilia over the 
body, and the wide differences in detail, would require the con- 
stitution of at least a distinct family for this singular creature. 

Economy of Closterium Lunula. By the Hon. and Rev. 
S. G. Osborne. Communicated by Jabez Hogg, Esq. 

The division of labour-principle holds as good amongst 
microscopists as amongst any other workers in the fields of 
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knowledge. I have devoted now for some months, and on an 
average several hours almost daily, to the stud j of some of the 
Desmidiese, especially the Chsterium Lunula. With increased 
objective powers and the use of improved methods of illumi- 
nation, I have arrived at results which may, I think, interest 
many of your readers. 

As to the Chsterium Lunula^ I have ascertained that the 
best view of its circulation and the cilia which gives it its 
impulse, is obtained by the use of full sunlight transmitted 
through the combination of coloured glass, proposed by 
Mr. Rainey, and adapted to an achromatic condenser. I have 
used a l-6th objective of Ross's, his l-4th with the Rainey 
moderator as illuminator. In diagram A, 1 have given a 
rough sketch of a specimen of the C. Lunula; with the 
above arrangement of the microscope, using also a deep eye- 
piece, I have again and again seen the cilia in full action along 
the edge of the membrane which encloses the endochrome ; 
I have seen them also, but not so distinctly, along the inside 
of the edges of the frond itself. Their action is precisely, to 
my eye, the same as that in the branchiae of the mussel. 
There is the same wavy motion, and as the water dries up 
between the glasses in which the specimen is enclosed, the 
circulation gets fainter at the edges, and the cilia are seen 
with more distinctness. 

In the diagram, I have drawn a line at & to a small oval 
mark ; these exist at intervals, and more or less in number 
over the surface of the endochrome itself, beneath the mem- 
brane which invests it. They seem to be attached by a small 
pedicle, are usually seen in motion on the spot to which they 
are thus fastened ; from time to time they break away, and are 
carried by the circulation of the fluid, which works all over 
the endochrome, to the chambers at the extremities, there 
they join the crowd of similar bodies, each in action within 
those chambers, when the specimen is a healthy one. 

The circulation, when made out over the centre of the 
frond, for instance at a, is in appearance of a wholly different 
nature from that seen at the edges. In the latter, the matter 
circulated is in globules, passing each other, in distinct lines, 
in opposite directions; in the circulation as seen at a, the 
streams are broad, tortuous, of far greater body, and passing 
with much less, rapidity. To see the centre circulation, I 
have used a Gillett illuminator and the l-6th power, so working 
the fine adjustment as to bring the centre of the frond into 
focus ; then almost losing it by raising the objective ; after 
this, with great care working the milled head till I just 
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make out the dark body of the endochrome ; a hair's-breadth 
more adjustment gives me this circulation with the utmost 
distinctness if it is a good specimen. It will be clearly seen, 
by the same means, at all the points where I have put spaces, 
and from them, may be traced, with care, down to both 
extremities. 

The endochrome itself is evidently so constructed as to 
admit of contraction and expansion in every direction; at 
times the edges are in semi-lunar curves, leaving interrupted 
clear spaces visible between the green matter and the investing 
membrane ; at other times, I have seen the endochrome with 
a straight margin, but so contracted as to leave a well-defined 
transparent space, along its whole edge, between itself and 
the exterior of its sac. It is interesting, in this case, to 
keep changing the focus, that at one moment we may see the 
globular circulation between the outer and inner case, and 
again the mere sluggish movement between the inner case and 
the endochrome. 

I have now not the slightest doubt but that the loose bodies 
in the chambers at each extremity of the frond are brought, 
as I have described above, from the exterior of the endo- 
chrome, by the external current; what they are I do not 
profess to say; they are as the rule diamondrihaped, when 
at rest. 

In B, I have given an enlarged sketch of one extremity of 
a (7. Lunula, The arrows within the chamber pointing to 6, 
denote the direction of a very strong current of fluid I can 
detect, and occasionally trace most distinctly ; it is acted 
upon by cilia at the edges of the chamber, but its chief force 
appears to me to come from some impulse given from the 
very centre of the endochrome. I have seen the fluid here 
acting in positive jets, that is with an almost arterial 
action ; this it is, which, according to the strength with which 
it is acting at the time, propels the loose floating bodies at 
a greater or less distance from the end of the endochrome ; 
the fluid thus impelled from a centre, and kept in activity 
by the lateral aV/a, causes strong eddies^ which give the 
twisting motion we see to the said free bodies. The line 
— a, in this diagram, denotes the outline of the membrane 
which encloses the endochrome ; on both sides of this I can 
detect dlia. The circulation exterior to it passes and repasses 
it in opposite directions, in three or four distinct courses of 
globules ; these, when they arrive at — c, seem to encounter 
the fluid jetted through an aperture at the apex of the 
chamber; this disperses them so that they appear to be 
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driven, for the most part, back 8^;ain on the precise course 
bj which they had arrived; some, however, do enter the 
chamber : occasionally, but very rarely, I have seen one of the 
loose bodies escape from within, and get into this outer 
current, in which it is carried about, until it becomes adherent 
to the side of the frond. I am now quite satisfied that in the 
case of the specimen dia^n^m C (p. 235, Vol. II.), to which I 
referred in your last number, the pressure of the glass in which 
the specimen was enclosed had forced the endochrome so far 
np into the chamber, that the jetting action of the fluid, nomi- 
nally acting within the frond, was thus made to play exterior 
to it. 

With regard to the propagation of the C Lunula^ I have 
never seen anything like conjugation^ but I have repeatedly 
seen what I shall now describe — increase by self-division. 

Let me request your readers to observe the diagram D, 
but for the moment to suppose the two halves of the frond, 
represented as separate, to just overlap each other; I have 
watched for hours the process of complete division ; one-half 
has remained passive, the other has had a motion from side 
to side, as if moving on an axis at the point of juncture ; the 
separation has become more and more ardent, the motion 
more active, until at last with a jerk one segment leaves the 
other, and they are then under view as I have drawn them. 
It will be seen, that in each segment the endochrome has 
already a waist ; but there is only one chamber, which is the 
one belonging to one of the extremities of the original entire 
frond. The globular circulation for some hours previous to 
subdivision, and for some few hours afterwards, runs quite 
round the obtuse end of the endochrome — a, by almost 
imperceptible degrees; from the end of the endochrome, 
symptoms of an elongation of the membranous sac appear, 
giving a semilunar sort of chamber; this, as the endochrome 
elongates, becomes more defined, till it has the form and 
defined outline of the chamber at the perfect extremity. 
The obtuse end — b oi the frond is at the same time elon-^ 
gating and contracting ; these processes go on ; in about five 
hours from the division of the one segment from the other, 
the appearance of each half is that of a nearly perfect specimen, 
the chamber al the new end is complete, the globular circula-' 
tian exterior to it becomes affected by the circulation from within 
the said chamber; and, in a few hours more, some of the free 
bodies descend, become exposed to, and tossed about in the 
eddies of the chamber, and the frond, under a l-6th power, 
shows itself in all its full beautiful construction* E is a 
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diagram of one end of a C. didymotocum^ in which I bbw the 
same process. 



I have now given you. In as plain a manner as I can, the 
result of mj further obsenatjons ; I invite other lovers of the 
science to test their truth ; I shall be most glad of any 
corrections their greater experience and better skill may 
afford ; at way reasonable notice I will send to any of your 
readers, a stock of specimens. The best I obtain are from 
Branksea Island — Poole Harbour: the best specimens to 
examine are those with the lightest green endochrome, and 
in which the furrows are most marked. I am so engaged 
I will not at this time put forth my theories in coimection 
with this Demtidium, fur I could only do so in a hasty 
and crude manner. I can with truth say, that I am more 
than ever convinced that the microscope has not yet shown 
me any object so beautiful, so wonderful, and which has so 
amply repaid all the trouble I have bestowed upon it. 

I would only now add an invitation to brethren of the lens 
to try their skill, and the power of their instruments on 
Euastrum Dtdelta ; they will, if I am not mistaken, find in it 
wonders, which, when developed, may rival my pet C. Lunula. 
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On the Male reproductive Organs of Campanularia geniculata 
{Laomedea geniculata^ Lam). By Dr. Max S. Schultze, of 
(^reifswald. (From Miiller's Archiv. fur Anat. und Physiol. 
1850.) 

The propagation of Campanularia geniculata^ described by 
Loy^n in 1837,* differs essentially from the mode of increase 
observed by V. Beneden in several species of the same genus. 
In the former species ciliated embryos are produced within 
axillary capsules, from vesicles presenting all the parts of an 
ovnm^ and after a distinct process of segmentation. These 
embryos, after they have quitted the tunic by which they are 
surrounded, and which resembles an incompletely developed 
polype, swim about free for some time, and precisely resemble 
the embryos of Medusa aurita ; they then affix themselves, 
and grow into a polype resembling the parent animal. In 
the CampanularicB^ however, described by Van Beneden, me- 
dusoid creatures with tentacles, digestive and sensitive organs, 
are produced, also in axillary capsules ; and which after 
quitting the capsule swim about free in the water and behave 
exactly like Medusm, These were regarded by Van Beneden 
as the embryos. He considers that they are produced from 
ova^ and supposes that they subsequently affix themselves, and 
after the obliteration and metamorphosis of son^e of their 
organs become Campanulariw. Other observers on the con- 
trary, particularly Nordmann and Dujardin, regard these 
medusiform products of the Campanularice as the developed 
forms of those polypes, believing that in the Medusce arising 
in the asexual way, sexual organs arc afterwards developed. 
The CampanularicB consequently would have to be regarded 
as corresponding to the Strohila form of Medusa aurita. 

Although the decisive proof of Van Beneden's view is still 
wanting, inasmuch as he has not demonstrated the egg-nature 
of the germ of the medusiform animalcules, as well as the 
impregnation by semen necessary, in this case, for their 
development, and as he, as well as Loven, did not discover 
male seminiferous organs in his Campanulariee^ still it cannot 

♦ An observation of Kolliker's should here be noticed. He saw in 
PennaHa Cavdinii capsules with spermatozoids (formation of spermatic 
filaments in vesicles). It is unfortunate that these capsules and their con- 
tents should not have been more minutely described ; nor has the im- 
l)ortance of tiie observation been generally recognized. 
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be denied that a correspondence in the mode of propagation 
of the CampanularicBy described bj Loven and Van Beneden, 
is more readily perceived in an explanation of it according to 
the views of the latter^ than when it is explained according to 
those of Dujardin. I have not, unfortunately, had an oppor- 
tunity of observing CampamdaruB with medusiform offspring, 
and consequently must at present refrain from expressing any 
judgment in favour of one view or the other. But it appears 
to me that everything depends upon the determination of the 
fact, whether the medusiform animals are also produced by 
sexual propagation like the ciliated embryos of C. geniculatcL, 
If true egg-germs, with the usual transitionary forms into 
embryos, are found in the axillary capsules of Van Beneden's 
CampanularicB (as stated by that author), and in other capsules, 
spermatozoids, in the way I am about to describe as obtain- 
ing in Campanularia geniculatay no farther doubt, perhaps, 
could be entertained with respect to the embryonic nature of 
the medusiform offspring ; and their development into sexual, 
self-propagative MeduscB would, according to all kno¥ai 
analogies, have to be regarded as impossible ; but if, on the 
contrary, it is found that the MedutCB arise in an asexual way 
in the capsules, and that analogous spermatic capsules do not 
occur at all, we should in that case expect to witness the 
development of sexual parts only in the MeduscB^ and con- 
sequently should have to regard the CampamilaruB merely as 
developmental forms of ^ca^A(E. In Campanularia ffentcidataf 
then, the polypoid envelopes of the ova and embryos, as well 
as the spermatic globules presently to be more particularly 
described, should necessarily be regarded as analogous to the 
MeduscB^ although they never become free, nor exhibit any 
kind of movement whatever beyond a slight motion of the 
tentacles, and are wholly incapable of receiving nutriment. 

In the genus CampanularicB, therefore, we have true polypes, 
whose representatives are Campanularia ffeniculata and others, 
which might be regarded only as developmental conditions of 
an Acalephay exactly as is the case with the species of Coryne^ 
many of which, as ibr instance C squamatdf develop ova and 
spermatic capsules, which never separate from the polypes, 
but after being emptied of their contents become detached ; 
whilst in others, as in Coryne aculeata^ these capsules are 
detached before the complete development of the ova or of 
the semeuy and swim about under the form of MeduscBj in 
which the sexual organs are not developed till afterwards. 

» ■ II I.. 

Let us now return to our observations. The male organs of 
the CampanuiaruBy containing the spermatic fluid, have not 
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hidierto been recognized. Neither Loven nor Van Beneden 
in their numeroos researches on the CampanularicB have seen 
them, any more than the older observers. Bat in Steenstrup's 
* Researches on the Hermaphroditismus,* * I find a short 
notice with respect to them. He says, '^ In the genera Tubu-' 
laruBj Eudendriumj and CampanularuB^ I have always found 
the * nurse'-polypes to present only one sex ; and in Campanu" 
laria geniculatay semen was never formed except in precisely 
those individuals which were developed under the same con- 
ditions as the true females which furnish the ova." 

Krohnf and Kolliker| have given some notices with respect 
to male organs in other Sertularina. The former observed 
spermatic capsules, corresponding to the ovicells in position 
and fig^ure, although growing upon separate stems, in Pennaria 
CavoHm^ Eudendrium ratemosumy and Plumularta cristata;^ 
and the latter also in Sertularia abietina. Precise descriptions 
and figures of these organs, however, are wanting ; and with 
regard to the development of the spermatozoids, Kolliker 
merely mentions that they appear to be produced from elon- 
gating vesicles, and figures them accordingly as they exist in 
Sertularia abietma. 

As I have had abundant opportunity of observing Campanu- 
laria geniculata^ I directed my attention at .once to the re- 

!>roductive organs and the propagative function, and was 
brtunate enough, in the autumn of 1849, to detect the male 
reproductive organs so long sought for in vain ; and the accu- 
rate description and representation of which I consider to be the 
more justified, since the development of the spermatozoids 
also affords wholly peculiar and hitherto unknown relations. 

The microscopic examination of the axillary capsules, almost 
always found upon the polypidoms of CampanularuBf besides 
the ovi-capsules so well figured by Loven, will occasionally 
disclose the existence of capsules, containing, not ova but dis- 
tinct round globular bodies, of about the same size as the ova, 
though filled with a homogeneous granular substance, which 
when more minutely examined, after the rupture of the cap- 
sules, proves to be constituted of spermatozoids in very various 
stages of development. 

These male capmles^ as I shall term them in contradistinction 
to the female capsules containing otMi, are indistinguishable 
from the latter by the naked eye either in size, form, or posi- 
tion. Like those they always spring from the angle, where a 
polype branches off from the main stem. Their length when 

* German translation by Homschuch, pp. 66, 67. 

t Muller'8 Archiv., 1843, p. 174. 

% Neuen Schweizerischen Denkscbriften. Band viii. 
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full-grown is from one-third to one-half a line, their shape is 
that of an elongated vase with somewhat sinuous walls, the 
sinuosities corresponding to the globules contained in the 
interior. 

Their peduncle commences with the same peculiar annular 
formation as is found in all CampanularicB at the origin of 
each bud. 

The separate spherical bodies by which this capsule is 
filled, to the naked eye appear of a whitish-yellow colour ; 
they are larger and more opaque towards the wider, upper 
end of the capsule, and smaller and more transparent towards 
the peduncle. Each of them is surrounded by a thin mem- 
brane, and the whole together by a common transparent 
envelope. Into each globular mass is continued a process of 
the common nutritive substance entering the capsule (intes- 
tinal tube of Loven), which is continued uninterruptedly 
throughout the whole polypidom ; this process extends beyond 
the sexnidiameter of the globular body, and there terminates 
in a caecal extremity. This nutritive substance of the con- 
tents of the capsule, having thus furnished a supply to each 
globule, expands beneath the homy cover of the capsule over 
its entire extremity, exactly as it is figured by Loven in the 
female capsules. Within this nutritive substance may be 
perceived a lively motion of granules probably produced by 
vibratile cilia. 

If one of these capsules, containing six or seven globules, 
be ruptured by compression under the covering glass, whilst 
in the microscope, the globules are seen to escape sometimes 
at the upper end, after rupture of the lid sometimes at the 
lower, if the capsule has been previously cut off from its 
peduncle, at the same time being emptied of their contents, 
so that it is easy now to recognize all the parts of them. 

The uppermost globules contain fully-formed spermatozoids 
usually in active motion, with a minute round head scarcely 
0*0001 '" in size, and a long, excessively delicate, appendage, 
distinctly perceptible only under very strong illumination, 
which vibrates actively backwards and forwards. 

The motion of the spermatozoids cannot be perceived in 
the unopened globule, on account of the vast multitude 
assembled together — it is apparent only after the contents 
have been diluted with water. 

The globules situated lower down in the capsule contain 
no perfectly-developed spermatozoids, but present them in 
various stages of development in the following order, pro- 
ceeding from below to above. 

The lowermost, smallest globules contain densely-crowded, 
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pale, nucleated, round cells, exactly like the spermatic germ- 
cells of other animals. In the globules placed higher up 
these cells are seen with a paler, almost inapparent rmcleuSy 
the outline of the cell has lost its uniform rotundity, and 
begins to elongate on one side into a short process. As the 
development proceeds, the nucleus disappears altogether, the 
cell is somewhat smaller and the process longer, and fine as a 
hair, exhibiting a very peculiar slow movement, not unlike 
that of the motile cilium of a EngUnaj in consequence of 
whicb the entire cell acquires a quivering motion sometimes 
amounting to an inconsiderable change of place. This mo- 
tion, however, is quite different from and slower than that 
of a mature spermatozoid. The cell is thrown from side to 
side, frequently appearing as if it was supported upon the 
process. 

Other forms of development are commonly associated with 
the above in the same globule. Every cell has this flexible 
process, by the movement of which they are thrown from side 
to side ; but besides this they have also a greater or less 
number of rigid, motionless, less delicate processes, varying in 
number from 1 to 5, and appearing to arise in succession, and 
by which these forms are rendered like the stellate cells of 
Kolliker, and which are a common stage of development of 
the spermatozoids in the Crustacea. But the latter have no 
motile appendage, and are always quite motionless. 

I am not aware of any observation of movements at such an 
early stage of development of spermatozoids. 

With respect to the successive formation of the individual 
processes, I have not been able to observe anything certain ; 
but it appears to me probable that the motile process after a 
time becomes immotile^ and that a new motile process com- 
monly makes its appearance at the opposite point, which 
again passes into the motionless state, and so on. 

It is only rarely that cells occurred without a motile process. 
The greatest number of rigid processes on a single cell, that 
fell under my observation, was four. 

A necessary precaution to be taken, in orde^ that the motion 
of the delicate process should be observed, is the avoiding too 
strong and too long- continued pressure upon the capsule with 
the view of rupturing it. The best way of proceeding is to 
provide that, besides the capsule, there should be a somewhat 
more resistant object — a portion of vegetable tissue or of the 
pol3rpidom itself — and then, whilst looking through the micro^ 
scope, to make gradual pressure upon the covering glass until 
the capsule is ruptured. If the pressure is now omitted, the 
glass usually rises, again a little, affording the requisite space 
beneath it 
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In what way the mature tpermatozoids are produced from 
the above-described motile^ stellate cells, I have found it im- 
possible to observe. Notwithstanding that I have examined 
capsules of all sizes, I have never noticed any transition forms. 
The next highest globules always contained spermatozoids, 
differing from those in a state of complete maturity only in 
their having a somewhat larger body. In their movements 
they were precisely alike. 

Whether a stellate cell divide into several spermatozoids or 
not, must be left undecided. In the Crustacea, we are also 
unacquainted with the metamorphoses of the stellate cells, not 
knowing even whether in any case they become motile sper- 
matozoids. Dromia Rumpkii^ according to Kolliker, is the 
only Crustacean in which, together with stellate cells, bodies 
resembling filamentary spermatozoids are also found ; but 
these were immotile. 

The further change which takes place in the spermatic 
capsule for the evacuation of its contents is precisely like that 
which occurs in the female capsule for the development and 
expulsion of the embryos. When the spermatic capsule con- 
tains mature spermatozoids in the uppermost globules, the 
highest of those bodies breaks through the membrane by 
which the capsule is closed, and the envelope of the globule, 
which in the mean while had increased somewhat in thick- 
ness, represents a rounded sacculus placed upon a peduncle, 
and the surface of which opposite to the peduncle is furnished 
with a bundle of tentacular appendages. The peduncle en- 
closes a continuation of the general nutritive substance, which 
at this time projects only for a very short distance into the 
spermatozoid-globule. The tentacles exhibit a slight degree 
of motility, inasmuch as they are capable of a slow extension 
and contraction ; but they have no urticating organs, and are 
certainly wholly incompetent for the prehension of nutriment. 
Nor at first do they serve for the occlusion of an opening 
which is not formed till some time afterwards, when the very 
thin membrane in which the spermatozoids are still specially 
enclosed is ruptured. No movement of the entire envelope 
is ever observable. 

Between the inner surface of this envelope and the mass of 
spermatozoids there is a space filled with active spermatozoids, 
when the membrane by which they are immediately enclosed 
is ruptured or bursts spontaneously. But the spermatozoids 
do not at once escape externally, as would necessarily be the 
case had an opening previously existed at the place where the 
tentacles are situated ; and it is not until the outer envelope 
is also ruptured by stronger pressure that the spermatic ele- 
ments are dispersed in the water. 
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When the spemnatozoids have been evacuated in the natural 
wajy the poljpe-like envelope contracts and ultimately dis^ 
appears altogether, the next highest of the remaining globules 
in the meanwhile escaping in succession. Capsules occur 
with four or five polypoid envelopes attached externally, some 
of which, however, are always close upon disappearing. 

Of the vessels, which Loven has figured in the precisely 
similar*- egg-tunics seated upon the ovi-capsuleSy but which 1 
have never been able to perceive in these tunics, no indica^ 
tions exist in the spermatic envelopes just described. 

The male and female capsules are always placed upon 
different polypidoms, so that the semen has frequently a con^ 
siderable distance to traverse in order to reach the ova to be 
impregnated. It may thence be concluded, that in sea-water 
the spermatozoids do not speedily lose their motility and 
capability of impregnation. I was still able to perceive the 
movements of the spermatozoids an hour after their liberation. 

I'hat an impregnation by the semen is indispensably requi- 
site for the development of the ova^ I have frequently satisfied 
myself, since it was only the ovi-capsules which had been 
associated with male polypidoms in a glass of water, that 
afforded embryos ; whilst in those which had been kept apart, 
the ovay after entering the polypoid tunics from the ovicell, 
were always dissolved. The process of segmentation com- 
menced in them, but soon remained stationary, and never 
reached the formation of an embryo. This fruitless process 
of segmentation taking place without impregnation was also 
noticed and figured by Loven, but erroneously explained. He 
regarded it as a spontaneous division of an embryo for the 
purpose of multiplication, and believed that each separate cell 
would become an embryo. 

Lister's drawing and description (Phil. Trans. 1834, PI. X. 
Pig. h 4, p. 376), cited by Loven on this point, and regarded 
by him as indicating the same thing as this futile division of 
the embryo, admit, as it appears to me, of a totally different 
explanation. The figure indisputably shows that Lister had 
seen the male capsules and the escape of the spermatozoids ; 
but he had no notion of the meaning of what he thQs ob- 
served. 

With regard, lastly, to the polypoid envelope of the sper- 
matic globules, it corresponds in all respects with the analo- 
gous tunic of the ova and embryos. 

If the latter is to be regarded as the analogue of the free 
medusiform offspring of other Campanularice so also is the 
former — the tunic of the spermatozoids. I have already said 
that the decision of this question cannot be expected without 

VOL. III. F 
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new and precise inyestigations of the CampamdaruB haying a 
medusoid offspring, and therefore shall here avoid all useless 
discussion of it. 



Memoir on the Coloration of the China Sea. By M. Camille 
Dareste. (From the Ann. des Sciences Naturelles, IV. Ser. 
Tome i. p. 81.) 

We learn from the observations of M. Ehrenberg, and more 
recently from those of MM. E. Dupont and Montague, that 
the waters of the Red Sea are, at certain epochs, coloured red 
by the development, in prodigious quantities, of microscopical 
Algae belonging to a species diescribed by the former of these 
observers under the name of Trichodeanium erythrwunu 

These observations, which afford the best explanation of the 
term Red Sea, attributed by some ancient geographeni to the 
aspect of the mountains bordering its shores when illuminated 
by the rays of the sun, and by others, since the celebrated Juan 
de Castro, to the transparency of its waters, which allows the 
coral reefs to be visible in their clear depths, have a still 
greater interest for naturalists ; they are one of the most re- 
markable proofs of the immense development that microsco- 
pical organisms can attain, and of their importance in the 
physical history of the globe. 

There is no such thing as an exceptional fact in scimice. 
The determination of a new fact, however strange it may at 
first appear to us, ought always to lead to the knowledge of 
other facts of the same nature which can be grouped round 
the preceding one, as different effects arising from a single 
cause. 

Moreover, since these observations have been made, it 
has been thought that a great number of the accidental 
colorations of sea-water, so often described by navigators, 
might be thus explained. It might equally be expected that 
similar phenomena would be more frequently observed and 
described, from the moment that naturalists showed a scien- 
tific interest in them. 

I owe to the kindness of M. MoUien, late Consul-general 
of France at Havanna, and one of the Frenchmen who have 
penetrated furthest into the interior of Africa, the opportunity 
of studying a new fact of this kind, which from the conditions 
under which it presented itself may one day open up an 
interesting geographical question. 

M. MoUien observed last year that the China Sea was 
coloured yellow and red over a large extent, and that this 
coloration was not continuous but in patches separated by 
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transparent spaces. The red colour predominates in the true 
China Sea {Nanr-Hai)^ which washes the shores of the south 
part of China, to the south of the island of Formosa ; whilst 
the yellow colour predominates to the north of the island, and 
in the sea specially called the Yellow Sea {Hoang-Hai). The 
cause of this phenomenon is unknown. The English who 
trade in these latitudes attribute it to the spawn of fish — a 
popular explanation frequently given for all kinds of marine 
phenomena, and which had already been applied particularly 
to the coloration of the Red Sea. 

M. MoUien collected a certain quantity of this coloured 
water, and, on bis return to France, he kindly intrusted it to 
me for microscopical examination. He sent me at the same 
time the foUowmg note of the conditions under which the 
water had been obtained : — ^^ The sea- water was drawn up, 
the 14th September last, in 10° N. lat and 106° E. long. 
This water was not yellow, as in the canal of Formosa, 
but red." 

The quantity of the water I examined was very small ; it 
had deposited a sort of mud of a brown colour which I placed 
under the microscope. I recognised that this deposit was not 
formed, as one might at first have supposed, of earthy parti- 
cles, but that it consisted entirely of an agglomeration of 
minute AlgsB, almost microscopical and more or less decom- 
posed. 

These plants presented the appearance of little bundles, 
which cannot be better described than as resembling packets 
of cigars, and which resulted from the juxtaposition of a cer- 
tain number of slender filaments, much longer than broad, of 
the same diameter thioughout, and terminated by rounded 
extremities. These filaments were probably united by a 
mucous substance ; but the state of these little plants did not 
allow me to ascertain this point. They were divided by a 
great number of transverse partitions into a series of cylin- 
drical cells, the transverse diameter of which was nearly 
twice the longitudinal. These cells were slightly constricted 
in the middle, a sort of indication of their ulterior division. 
The membrane of the cells was colourless, but the colour 
might have disappeared in consequence of the incipient de- 
composition which the plants had undergone. In their interior 
a certain number of very fine granulations might be observed, 
which were slightly tinged with yellow. For the rest, the 
little plants were for the most part much changed : a great 
number of filaments were scattered in the fluid as well as a 
great many isolated cells resulting from the disintegration of 
other filaments. The study that I made of these little plants, 

f2 
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imperfect as it necessarily was, owing to mj having only 
fragments more or less altered at my command, has not left 
a doubt as to their genuine nature. I found in them directly 
all the characters assigned to the genus TVickodesmium by 
MM. Ehrenberg and Montagne. The determination of the 
species was more difficult These plants resembled greatly 
Trichodesmium erythrceum ; but I should not have been able 
to assure myself on this point, had not M. Montagne, whose 
authority on these subjects is so great, and who had kindly 
observed my Algae under the microscope, changed my pre- 
sumption into certainty. 

From this fact, I could no longer doubt that the remarkable 
phenomenon of the microscopical vegetation in the Red Sea 
is also presented in the China Sea ; and that true minute Algse 
are the cause of the strange coloration which certain parts of 
that sea exhibit. 

I wished to know if this fact had been already observed, 
and after many fruitless researches, I at last met with a very 
curious observation, which made me presume that these little 
plants had been already noticed, although the observers had 
mistaken their nature, and especially their origin. As this 
observation is very interesting in many respects, I shall ven- 
ture to give it with some details. It is the chemical and 
microscopical examination of some sand which fell from a 
cloud at Shanghai, made by Mr. Piddington, Curator of the 
Museum of Economic Geology of India. It is published in 
the Journal of the Asiatic Society of Bengal (1846). 

This sand had been collected by Mr. Bellott, surgeon to 
H. M. S. " Wolf," and was transmitted by him to Dr. Mac- 
gowan, physician to the hospital at Ningpo, who in his turn 
forwarded it to the Asiatic Society of Bengal. 

Mr. Bellott's letter is as follows : — 



?f 



" H. M. 8, ' Wolf,' Shanghai, March 16, 1846. 
«* My dear Sib, 

•* I SENT for the account of a shower of fine sand which fell here 
esterday, the 15th. The wind was N. N. E., No. 1, rather fresh ; then 
. E., Ko. 2 ; then E. N. E., No. 3 ; and at last N. E. ; and calm at sun^ 
set. A fog was observed, which was regarded as an ordinary fog ; but the 
officers who were walking on the shore, remarked that their shoes and 
their trousers were covered with dust. I observed it myself in the after- 
noon. At 8 o'clock in the evening the dust was visible on the guns, the 
upper works, and other polished surfaces on the deck. I gathered as much 
of it as I could. In placing the dust upon the finger and raising it in the 
direction of the sun's rays, which on account of this phenomenon had only 
half their usual brightness, the particles which composed it were bril- 
liant: although impalpable when held between the fingers and thumb, 
the dust caused a gritty sensation between the teeth. The dust passed 
over the vessel in light clouds, when the wind freshened ; it was some- 
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thtog like the fumes of tobacco, but without any bluish tint. About 
2 p. M . I walked for two hours in the country : the whole atmosphere 
appeared laden with a light cloud of dust, tinged of a brownish colour ; 
that was its aspect during the whole day. llie setting sun had a diameter 
apparently less than in the winter evenings, and was of a sickly pale hue. 
At 10 o'clock p. M . I spread out two large papers to catch the sand : they 
remained spread out until past midnight ; but although the sand fell and 
remained upon the guns none fell upon the paper. Was this the result of 
an electrical attraction or not? I cannot say. The stars in the Qr^t 
Bear, although the firmament was without clouds, were visible only with 
difficulty at the zenith. The moon, three days past the full, was partially 
obscured, and threw a very feeble shadow upon my hand. At midnight 
the moon and the stars resumed their ordinary appearance, and at half-past 
one the quarter-master reported that the fog had ceased. The barometer 
fell from 30* to 29'88'*. The sand set the teeth on edge when one breathed 
it. The whole surface of this district is an alluvial clay, without flints or 
sand ; the. nearest sand, which is coarse and shelly, is 12 miles off. It 
is said that the merchant ship ' Dcnia ' encountered this shower of sand 
at 30*5 miles from the land, in the direction of Leon-Tcheou, and that 
there was a kind of pounce-like dust upon the waves. As I have not seen 
her log I cannot certify this fact. 

" Yours, &c., 

** J. Bbllott." 

Dr. Macgowan, in forwarding this letter from Ningpo to 
the Secretary of the Asiatic Society, adds the following detail 
to the narrative of Mr. Bellott : — 

" I learn from Dr. Robertson, of the steamer • Nemesis,' of the East 
India Company's service, stationed in this port, that on the day in ques- 
tion (15th March), he as well as several other officers had observed similar 
phenomena to those described by Dr. Bellott ; the vegetation was covered 
with sand and also many of the ships, and the atmosphere was clouded. 
The wind was N. E. I was then absent at Chusan, where I did not per- 
ceive either sand or dust." 

Besides the fact remarked by Mr. Piddington, it appears 
from Mr. Bellott's letter, and also from that of Dr. Macgowan, 
that the doud of dust extended the same day from Ningpo, at 
the 30^ of N. lat to Shanghai, at the 31^° in round num- 
bers, which gives an extent of 90 miles ; that it was accom- 
panied by light winds from the N. N. E. and from the E. N. E. 
during seventeen hours, from 8 o'clock in the morning until 
an hour after midnight ; that reckoning that the cloud tra- 
velled at the rate of 2^ miles an hour (and that is the 
lowest rate that can be taken), the length of the cloud must 
be from 17 X 21^, that is to say 42 miles ; and thus, in 
allowing for the little difference of longitude between Ningpo 
and Shanghai, situated very near to one another, one to the 
N. W. and the other to the S. E., there remains an extent of 
3,825 square miles for the cloud. 

Mr. Piddington reports that having only had a grain and a 
half of sand in his possession he could not study it com- 
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pletely. " It is," he says, " an olive-green powder, the grains 
of which adhere to one another like the substances which remain 
on a filter, and mixed with filaments resembling hairs, of two 
kinds, some black, others white and thicker. Under the 
microscope, it is evidently a mass of very short filaments or 
fibres, transparent, white, black, and brown, with some spi- 
cules, reddish, sharp, and with grains of quartzose, transparent 
sand, adherent between them." 

With some chemical tests the author recognised in this 
dust the existence of an alkaline salt of silex, and he obtained 
a small quantity of ammonia by its combustion. He came to 
the conclusion that it was formed of animal matter with very 
fine fibres, impregnated with an alkaline salt, probably car- 
bonate of soda, and containing some grains of quartz. After- 
wards observing this sand with a more powerful microscope, 
he recognised that these fibres were vegetable structures, and 
that they were ConfervcB, 

What could be the origin of this dust? Dr. Macgowan 
thought that it might be formed from volcanic ashes, and that 
it proceeded from the volcanoes of Japan. But the vegetable 
nature of this substance is manifestly opposed to this notion. 
Mr. Piddington also to account for the presence of microsco- 
pical plants in the sand even offers the following supposition. 
This sand and the ConfervcB which it contains proceed from 
the interior of the continent, from the marshes and lakes 
which are so numerous in certain parts of China, from whence 
they are transported through the air by whirlwinds. It is 
true that, during all the duration of the phenomenon, the 
wind blew from the north-east. But this difficulty disappears 
when the existence of upper currents of the atmosphere is 
remembered, which blow in the intertropical regions in an 
opposite direction to the trade winds, that is to say, from west 
to east, and in the case in question from the land towards the 
sea. 

I do not know what the physicists will think of this theory ; 
but it is evident that the meteorological phenomenon ob* 
served by Mr. Bellott can be very easily explained by the 
observations which form the subject of the present memoir. 
If the Confervsp, or, to speak more exactly, if the Algse of the 
genus Trichodesmium exist in such great abundance in the 
China Sea, it can readily be understood how these plants 
might be carried by the winds, and sustained in the air for a 
certain time under the form of clouds, and how they would 
fall during a wind from the north-east, without the existence 
of opposite directions of atmospheric currents being necessary ; 
it is obvious also that these filaments might be impregnated 
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with sea-salt, so frequently drawn up, as is well known, by 
the evaporation of sea-water, and thus present the reaction of 
soda, without it being necessary to seek for the carbonate of 
soda in the deserts of Tartary, or the lakes in the interior of 
China, as Mr. Piddington suggests. If, further, the extreme 
frequency of fogs in the China Sea, and their density, be 
remembered, which caused the author of the history of Lord 
Macartney's embassy at the end of the last century to relate 
that in the Yellow Sea it was difficult to see from one end of 
the ship to the other, it is to be presumed that the phe- 
nomenon observed and described by Mr. Bellott is not unfre- 
quent, and that there will very probably be opportunities of 
studying it anew and in a more complete manner. 

It appears to me then, if not entirely demonstrated, at least 
very probable, that the Trichodesmium^ which colours the 
waters of the China Sea to the south of the canal of Formosa, 
colours those also to the north of the same canal, and that this 
phenomenon is produced on a large scale. But it is pos- 
sible that this phenomenon extends further still, and that it 
occupies in the sea a region limited to the south by the 15^ 
of latitude, and to the north by the 38^, or in other words an 
extent of nearly 25^. It is quite natural to suppose that the 
name of Hoang-Hai (^Yellow Sea\ which the Chinese give to 
the sea that washes the northern shores of China and the 
western shore of the peninsula of Corea, is attributable to the 
existence of similar phenomena. All geographers attribute 
the colour of this sea to the existence of a yellow mud carried 
into its waters by the Yellow River {Hoang^Ho). Sir G. 
Staunton, who has given us the account of Lord Macartney's 
embassy, relates that, during the voyage of the English 
squadron through this sea, the vessels, although they had 6 
fathoms water, carried away such a large quantity of mud that 
they left a trace of yellow brown in their wake for nearly half 
a mile. Now, that is precisely the appearance of the muddy 
deposit which was formed in the glass where I kept the water, 
the study of which forms the subject of these remarks. 

All authors who have written on the geography of China, 
speak of the shallowness of the Yellow Sea, and of its shoals, 
formed in part of sand, and in part of the mud of which we 
are speaking, the deposition of which appears to be con- 
stantly going on. They cite, as an example of its rapid in- 
crease, the little island of Tsung-Ming, situated at the mouth 
of the Yang-tse-Kiang. This island is not marked upon the 
map of China, preserved at Venice, which was drawn from 
the rough draught of the celebrated traveller Marco Polo ; 
whilst the island of Chusan, situated in its neighbourhood, is 
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to be found in it. It appears, then, probable that the island 
of Tsung-Ming, formed entirely of deposits of mud and sand, 
is of recent origin, and that it onlj existed as a shoal at the 
period when Marco Polo wrote the curious recital of his voy- 
ages. If, as might be thought, the mu<l of the Yellow Sea 
were almost entirely formed by the decomposition of our 
microscopical Algae, we should have a new instance of geolo- 
gical formations due to microscopical organisms, the know- 
ledge of which forms one of the most curious discoveries of 
our times, and one of those which will contribute the most to 
immortalize the name of M. Ehrenberg. 

These are only conjectures, but they appear to me to possess 
a certain degree of probability. I hope that our increasing 
relations with China will give us before long the opportunity 
of clearing up all these questions. 

One more question presents itself : one of the largest rivers 
in China and in the world, the Yellow River, or Hoang-Ho^ 
which empties its waters into the Yellow Sea, and the over- 
flowing of which has played such an important part in the 
history of China, since the earliest periods up to the present 
day, is itself of a yellow colour. 

I have looked, in works treating on the geography of China, 
for some remarks on this coloration. The only important 
ones are to be met with in the following extract from the 
Geography of Asia^ by Carl Ritter : — 

" The evident meaning of the word Hoang-Eo is that of Yellow River. 
It is fonnd already 200 years a. c. ; for in the Chou King, this river is 
, called Uoang {yellow), embTem of the earth ; and Hoang-Ti, the God (Ti) 
upon the earth ; or, in other words, the Sovereign Master, one of the titles 
of the emperor of China, as Lieutenant of the God of Heaven, STiang-Ti. 
In the upper part of its course, as far as the place where it leaves the wall 
of China, above Lautscheon, in the Kanson, the river has, like all alpine 
currents, perfectly transparent waters. When it washes tlie country of 
Ordos, it becomes muddy, of a thick yellow colour like the Tiber or the 
Maine : it is from that, that it takes its Chinese name Eoang, yellow 
or yellow-saffron Qihe missionaries call it Saffron Biver), as well as its 
Mongolian name haramoran (from kara, dark, thick), under which it is 
described by Marco Polo. It sometimes happens, under extraordinary 
circumstances, that the water in the middle region of its course changes 
its nature. It is reported in the Annals, that in the year 1295, after a 
violent earthquake, the waters of the Hoang-Ho, which even at Lautehcon, 
usually begin to be thick, became during three days perfectly clear and 
transparent over an extent of 300 li, which was considered a happy 
prestige, and caused many congratulations to be sent to the court. But 
six months afterwards there was a great famine which cost the lives of 
many people." 

However incomplete these documents are, they indicate the 
existence of a natural phenomenon. But what is the cause of 
it ? O uglit we to trace in it the record of microscopical vege- 
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tation ? does there exist, as all geographers pretend, a relation 
between the coloration of the river and the sea ? I can only 
place these questions before other naturalists who may have 
the opportunity of exploring these interesting districts. 



Nauvelks Observations sur le developpement et la vie de Nemo* 
toides. Par MM. Ercolani et Louis Vella. (From the 
Comptes Rendus, July 3, 1854.) 

1. The embryos of the ovaviparous Nematoid worms do not 
attain a complete development (that is to say are not furnished 
with reproductive organs) in the locality in which they are 
deposited by their mother, however favourable the conditions 
for their development may appear. The ova of the oviparous 
Nematoid worms, as well as the embryos of the ovaviparous, 
must quit the situation in which they have been deposited, and 
live in a state of liberty during a certain period, for their com- 
pletion on re-entering the bodies of animals. 

2. The ova of certain of the Nematoidea remain stationary 
in the intestinal mvcas of the animals in which they were 
deposited by the parent ; the phases of the development of 
these ova removed from the mucus ensue with great rapidity 
immediately they are placed in water. 

3. The development of the ova of Strongylus auricularis 
(2^er) has been obtained with tolerable facility in from two 
to five days, notwithstanding the complete state of putrefaction 
into which the bodies of the parent worms had fallen, and 
which had been collected at the same time. 

4. The embryos thus produced have lived for twenty days 
in the water, but without growing or developing any repro- 
ductive organs. 

5. Analogous Nematoid embryos are often presented in the 
little puddles of water in places where fowls are kept, and the 
excrements of domestic animals are collected. 

6. Certain Infusoria, referred by Ehrenberg and other natu- 
ralists to the genera ViMo and Anguillula^ are nothing but 
nematoid worms in the embryonic condition ; some, in fact, 
belonging without doubt to the genus Oxyuris. 

Such, adds the Reporter (Prince Bonaparte), are the conclu- 
sions of an important memoir which the authors are hastening 
to communicate to the Academy of Sciences. Naturalists, he 
observes, will be struck by the analogy between the embryos 
above adverted to, and other embryos commonly found in 
stagnant waters, and which have been regarded as perfect 
animals. But how many of the putative genera of Infusoria, 
he asks, should be eliminated from science? Should the 



74 ON THE LIFE AND GHOWTH OP NEMATOIDS. 

whole class of Infusoria disappear or be split up into several ? 
Such is the vast field opened to the meditations of Zoologists. 



In the same number of the Comptes Rendus, M . de Quatre- 
fages gives extracts of letters from M. V. Beneden, commu- 
nicating the new and most important results at which he had 
arrived in prosecuting his researches on the Ccsnuri. 

M. Kuchenmeister had a dog which had been fed upon the 
Ccsnuri of a sheep at the beginning of March, and which 
passed the tsmioid ^' Proglottis^^ developed in its intestines 
from the Ccenurus. 

The dog was killed on the 24th May, and M. Kuchenmeister 
sent some of the TcenicB of the Ccenunis to Louvain, Copen- 
hagen, and to Giessen. They arrived at Louvain on the 27tb, 
contained In the white of egg, and were kept alive for eight 
days, the white of eg'g being renewed daily. 

On the same day (27th) at 9 a.m. two lambs, about two 
months old, took each of them half a Proglottu ; in the after- 
noon each took a whole Proglottis^ and on the 3rd June one of 
the lambs swallowed another whole Proglottis. 

On the 13th June, the first symptoms of ^ staggers ' showed 
themselves, and on the 15th one of the lambs was killed. 
The head was burning hot, the eyes red ; the legs bent under 
the body, the animal ran with its head against the railing, and 
turned round and round in one direction. 

The surface of the hemispheres of the brain above and 
below presented very irregular grooves, of which there were 
about a dozen. At the end of these tubes were found as many 
Ccenuri^ almost all lodged in the cortical substance of the brain. 
Some were removed with the membranes. These Ccenuri were 
constituted of a simple vesicle of a milky white colour filled 
with fluid. At that stage they presented no heads {Scolex). 
They represented the hexacanth embryonic form {Proscolex\ 
a little more developed than it is when it quits the ovum. 

Yellowish-white corpuscles were subsequently found in the 
muscles and especially in the diaphragm, and which could be 
distinguished very well by the naked eye among the red 
muscular films ; and which, as stated by M. Kuchenmeister, 
are nothing more than errant individuals, and incapable of 
further development 

M. Eschricht gives a similar account of his experiments 
with the Proglottides sent to Copenhagen, and some interest- 
ing observations on the mode of development of the Scolex 
form from the simple vesicle above noticed. 

From Giessen, also, Leuckart reports results of his experi- 
ments with the same Proglottides^ in all respects identical 
with the above. 
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Leotubes on Histology, delivered at the Royal College of Surgeons of 
England in the Session 1851-52. By Johit Quekett, Professor of 
Histology. Vol. 11. Bailliere. London. 

In pursuance of the plan laid down in his first volume. 
Professor Quekett has in this work presented us with another 
instalment of the histology of organic beings. The subject 
here taken up is the structure of the skeleton of plants and 
invertebrate animals. Although we hope Mr. Quekettt may 
be encouraged to proceed with the publication of his lectures, 
we think he has very judiciously selected his present subject 
as supplying a want of the physiologist and the microscopic 
inquirer. The fact is, at the present day, there is little to be 
added to our knowledge of the histology of the human body, 
and what we really want to complete our knowledge of the 
structure of organized beings, is more extended researches 
upon the lower animals. Our knowledge of vegetable struc- 
ture, also, is much more extensive than it is of the lower 
animals. To all inquirers, then, in the field of comparative 
histology, this volume of Mr. Quekett's lectures will be found 
very acceptable. We cannot commend Mr. Quekett's volume 
as a comprehensive "treatise upon all that is known with 
regard to the hard parts of plants and invertebrate animals ; 
but, like that which renders all his other writings valuable, 
it bears the impress of original observation, and in all cases 
the reader may rely upon the accuracy of the author. Mr. 
Quekett nowhere commits himself to physiological inferences 
or speculations, leaving those who follow him to form their 
own opinions with regard to the functions and relations of 
the parts he describes. 

We shall now endeavour to give our readers an idea of the 
general contents of this volume, and are enabled, through the 
kindness of the publisher, to present specimens of the illus- 
trations with which the work abounds. The first lecture is 
devoted to some general remarks on the nature of the skeleton, 
and to the skeleton of plants and sponges. The propriety of 
the application of the term skeleton to any part of a plant 
may, perhaps, be doubted. It is very certain that we have 
no organ, or set of organs, in plants, whose homologues we 
can point out in the vegetable kingdom. Every tissue in the 
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plant, in its time, becomes ban], and to no definite combina- 
tion of cells can we apply the term skeleton. Nevertheless, 
the deposition of inorganic matters in the interior of the cells 
of plants, in a manner resembling the process of ossification in 
the animal kingdom, is a fact of great interest. Here, as in so 
many other instances of vegetable structure, we see the com- 
mencement of the processes which bave great significance 
when carried on in the animal kingdom. The following 
observations on the siliceous deposits in the cells of plants 
will illustrate this remark. 

" In plants, as I have before stat«d,* inorganic salts occur in a crystal- 
line fDnn, under the name of raphides ; these, however abundant, may be 
regarded as accidental deposits, since it has been shown that they can be 
produced by artiEcial means. For the benefit of those who may not have 
lxx:n present on former occasiona, I will give a few examples of the dermal 
silioooua skeleton of plants. 

" The first B|>ecimen is a porijon of the Equigetttm ht/emaU, fig. 2, whidi 
has been boileil for a long time in nitric acid, and not only exhibits the 
cells of the cuticle, mth their serrated edges, but also longitudinal rows of 
oval bodies, which are the stomata. Another good example is a portion of 
the husk of the Wheal, fig. 3, in which, in Eiddition to the cells of the 

Fig. 2. Kg. 3. 



AporUoorf the cuUck of %iit- Aporllon of Oiebuilt of^gMlD 

•FtuH Ajwnuk, tftsT long ioQiag ot WkaU. 

cuticle, the spiral vessels, recogniaed by the coiled-up fibre, also have a 
skeleton of silica. In the husk of the Ilice the peculiar cells of the cuticle 
are seen, with bundles of woody fibre and vessels below them. Tho 
specimen is comjtosed entirely of mlica, and there may be noticed in one 
sjrat, where the cuticle has been torn, a aeries of elongated fusiform IkkIics, 
with serrated edges, fig, 4, which arc all that remain of the woody fibres, 
proving that in this plant the aiiica is not confined to the cuticle. All 
the fibres, however, are not thus serrated ; some, as represented at 6, may 
be seen in bundles, which are both longer and thinner than the first 
mentioned, with jtcrfectly smooth edges. 

" On the upper surface of the leaf of a plant common in our gardens — 
the Deatzui seciSm— there are numerous stellate hairs, which much 
resemble Slar-Jisheii in miniature, fig. 5 ; these are covered with little 

• Histological Lectures, Vol. I., p. 42. 
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iDbercles, each star beiriR attached to the cuticle by Ito cer 
cuticle be removed, and boiled in nitric ncid, the 8!ellft(e liaii 




iilainlr seen as in the natural condiUtm of the lear; the crenated tinea 
onod in all parts of the object repreeenUng the cell-walla of the cnticle. 
Thia specimen will serve to show, which it doea in a atriking manner, 
that silica ia not confined to the cella of the cuticle, but ia ec|ually 
ftbuudaut in the hairs and spiuea developed upon it." 

The most definite forms assumed by the hard parts o( 
plants, are undoubtedly those found in the DtalomacecB ; but 
aa these have been so copiously illustrated in our pag;es, we 
may now pass them over. The Corallines are examples of 
plants having hard parts, closely resembling those to which 
we do not deny the name of skeleton in animals. Professor 
Quekett treats of these in his tenth lecture, with the hard parts 
of Zoophytes. 
" Aa the Lithophytes occur in the greatest abnndance upon coral reefa. 



where it would appear that the water ia higl 
lime, and, as in former times, they were c 
havti thought proper to speak of their min 
order that yon may have an opportunity or i 
atony axis of the CorallidfB, and I most tl 
mind that the comparison ia of the greatest 

we have a great abuudance of calcareous material which has been sepa- 
rated from the water by a vital proceBS, that in the one case being effected 
by a v^etable, the other by an animal basis requiring the presence of 



ighly charged with carbonate of 
considered to be Zoophytes, I 
lute structure at this time, in 
comparing it with that of the 

therefore beg of you to bear In 
terest ; for in both instances 
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digwtave sacs, or polypes, to maintain its integrity. If a vertical section 
be made ot any Coralline, such for example aa the C officmalit, fig. 85, a, 
■we shall find that, on examination with tiie lowest powers, it will exhibit 
two kinds of structure, both of which are essentially cellular — that on the 
eiterior being composed of smalt cells of hexa^nal figure, whilst in the 
interior they are more elongated, and generally of a brownish colour ; this 
is especially the case if a sactaon should include a joint. In the fresh 
stAte the contents of the cells can be easily made out, and the cential ones 
are not unfrequently full of greeniah granules like Chlorophylle. The 
lime is not in the interior of the cells, but appears to be on the outside of 
the cell'Walls, which are rendered opaque and thick in consequence. A 
portion of the vertical section, as seen under a power of 200 dmmetera, is 
represented at c : the dark parts on the outside of the cells there shown are 
the calcareous material ; the cells in the centre, as before noticed, are of 
an elongated figure, having tittle or no time about thsm ; these also are 
exhibited at e, hut the loose cells on tlie right side of the loner part of the 
figure, formed part of the articulation, and are entirely destitute of lime. 
A tranaverse section of one of the joints of (he same Coralline, as shown at 
b, is wholly made up of cells, those on the mai^in being rather larger 
than the c^tral ones ; both have an abundance of lime around them, as 
represented under a power of 200 diameters at d. The cells seen upon the 
upper portion of this figure having been deprived of their lime, are In 
consequence rendered very apparent. AH the Corallines exhibit nearly 
the same structure, the outer portions being composed of celb of heingonal 
fi^re, and the central of elongated ones ; the former are always coated 
with lime, whilst the latter are only partially so, and it is by the absence 
of the lime from these cells, at particulaF points, that the articulations are 
formed. 

Fig. 85. 
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" A verj striking Epedmea for exUbitJng the atmcturo of the nrbicaU- 
tkiiu U Comliina ineratiala ; a vertical seotion of this plant is repre«ented 
by A in fig. 86. The jointB, as there Bhown, are composed of elongated 
cells, and from having do lime about tJiem, are soft and flexible, and 
even of a green colour. A magnified portion of one of the joints is shown 
at B, and a transverse section at c, both are made up of cells, of nhich the 
central onee are much elongated. That the calcareous investment of the 
IithDphyl«s is not a mere precipitation from the wat«r, as happens with 
many of the Characar, is, I think, very evident ; for 1 have never yet seen 
any specimen of Coralline in which the part forming the articulation was 
coated over, nor has any section shown that the calcareous matter is ever 
present except as a coating to the coU-walla or the spaces between them. 
In the NuUipores, which have no joints, the cellular structure is of the 
same nature throughout ; there are no elongated cells in the centre, as in 
the Corallines, consequently it would appe&r that the articulation is the 
result of a vital action in some of these cells, whereby they are deprived 
of the power of selecting a calcareous coeting Irom the surroi^ndiDg water, 
their energies being entirely devoted to the function of giovth." 

The lectures devoted to the Sponges contain a large number 
of Illiutratioiu of the peculiar fornia assumed by the siliceous, 
calcareous, and cart^aginous matters of which their hard 
parts are composed. As illustrative of some of the forms 
assumed by spicula in sponge, we extract the following ; — 

" Other spicula are very peculiar, consisting of a central portion, or 
shaft, the extremities of which are furnished with two or three brandies, 
each of these again subdividing into two or three still smaller branches. 
These spicula interlace with each other, and prodnce a sort of coarse net- 
work ; they are generally found in small sponges, attached to masses of 
coral ; two specimens of the largest kind are shown at g if, in fig. 14. In 



■ nrlkal actliia of curanina iaeraaata, ahowfrig U>e fitnU. n, > porlko of om ot Uk 



iwlofl Uw }d 



80 QUEKETTS LECTURES ON HISTOLOGY. 

the lame sponge were otben of smaller size, Bud witii fewer b] 
represented by d, e, and/; to such spicuU the term hranohed may he well 
Implied. Another sponge coDtaine spicula of the form I have termed 
tuberindated ; they are of large size, and oorered with rows of flattened 
tubercles, as shown at c, in fig. 14. The sponges to which they naturally 




belong I have never seen, hut all my Bpectmens were obtained from the 
root of an Alcyonium, Alcyonium favotum, from Sumatm, and were mixed 
with grains of sand and spicula of various kinds, from other sponges. A 
similar species, ftom a different pari of the world, in the possession of a 
friend, when boiled in nitric acid yielded spicula of precisely the same 
kind ; so much so, that when a speoimeD was shown me, 1 pronounced 
from whence it came. 

" The siliceous remains of a small sponge, attached to the root of a 
Gorgottia, Iia ochraixa, I found eitremely rich in peculiar forms of 
spicula. The most striking was of a reticular figure, covered with minute 
spine^ as shown at a, in £{;. 15. It fordbly reminded me of the siliceous 
skeleton of the Diclyoclialix pumkeug, before alluded to, and probably 
may be a portion of a silicoous sponge. Other spicula occur in the same 
specimen, the most remarkable of these are in the form of scales, as shown 
at B, 0, K ; they may be known by their flatt^'ncd figure, and by havii^ 
black dots in the centre. The edges of some of these spicula are smooth, 
but in most eases thej are serrated. Another very singular form of 
spiculnm is also found m the same sponge : it ia of small size, and pin- 
shaped at one extremity, and at the c^her is rounded, but in the centre of 
the rotundity there is a short conical spine ; two of these spicula are 
shown at d d. Spicula of the shape termed curved are occasionally met 
with in certain small sponges ; one of these, of peculiar figure, is repre- 
sented at b, in fiz. 14, In another sponge from the South Seas, bi<urvale 
spicula, of the shape shown at o, are very common. Mr. Shadbolt, how- 
ever, has detected some still more curious spicula than these last ; they 
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. o of thwe Bpiculii are represented at A. The 
spraige in which Aty ooenired, like that of the preceding, was of small 
nze, aod brought from the South Seas." 

From the skeletons of Sponges we pass to those of Diato- 
maceee, Desinidiete, Foraminifera, and Nummulites. The fol- 
lowing observations on the atructure of Oolitic rocks are not 
perhaps generally known. 

" Before I leave this part of mj subject, I must saj a few words on i 
Odlita, which were formerly supposed to couaiat of the remains 
organized beines of a globular figure, like the roe or ^{gs of fishes, bnl 
which are usually nothing more than grains of sand, each snrrounded by a 
globular deposit of carbonate of lime and cemented tt^ether so ns to form 
manses of limestone rock. The Oolites make up no inconsiderable part 
the atrata of this island ; according to Ure,* they form a zone 30 roil 
broad in England, and are divided by geologists into the upper, middle, 
and lower Oolites. They furnish a most valuable material for archi- 
tectural pnrpoeea ; and are exceedingly rich in foasil remains, especially 
those of reptiles and corals. 

" The egg-like particles vary considerably in size, being in some cases 
almost invisible to the naked eye, whilst in others they are nearly as 
lane as peas ; this last form of Oolit« has received the name of Piadlitt, 
difiering, however, from the true Oolites only in the relative size of the 

t lobular coocretions. Bath stone, Portland stone, and the slate of Stonea- 
eld, near Oxford, are all examples of Oolite. Id fig. 62, a, is represented 
a portion of that form of Oolite termed Pisolite of its natural sim; Ow 

* Diet, of Arts and Manufactures, Art. Oolite. 
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gnumlM an Jth of an incli In diameter, one <^ them, shown In section at 
0, is magnified 13 dUmeten, and the concentric lamina of vhioh it fe 
oompoeed are well displayed. 

"In Germany there is an Oolite in which the granules are nearly as 
large as they ate in the Pisolite, but &e concentric laminated arrange- 
ment, aa ebown at D, and the presence of a central nucleus, are more 
strongly marked; the n>ck supporting the Britaunia bridge is a firm 
Oolite, in which the granules are remarkably small, those represented by 
B being magnified 40 diameters. The specimens just described are all 
very compact, the granules being firmly cemented together by the cal- 
careous material forming the matrix : it sometimes happens, however, in 
oolitic diatricCa, that the granules are Heparated from tlie matrix, and the 
soil will be seen to be in a great measure made up of them. This is 
especially the case jn the ueighbourhood uf Bath ; the soil of High Bartow 
Hill, I found to be BO rich in oolitic granules, that when turned up by the 
plough, it appeared as if thickly sown with minute yellow seeds." 



nnl« from Britwuila nek. nugnUIrd 
\o uf KJviite tnm 

After the examination of the Nammulites, &c., we come to 
the great group of Zoophytes, These occupy several lectures, 
and contain many valuable observations. The structure of 
the skeleton of the Eehinodennata is then gone into very 
carefully. From this part of the work we extract the following 
passage on the very curious bodies called Pedicellariex : — 

"We now come to otber organs found upon the external surface of 
some of the Bohinodermata, and these are the curious bodies termed 
PtdictBaria. They were first described by Mullet the Danish naturalist, 
and have been since investigated by Sara, a Norwepan clergyman. 
HuUer believed them to be parasites, whilst Dr. Sharpey and others 
r^^rd tbem as parts of the animal, wfaich they undoubtedly are. On 
moat Echini there are three lands of Pedioellariie ; being considered as 
distinct auimala, tliey have been termed PediceBaria Iridens, Fediediaria 
tripkySa, md FedtceSaria globifera, according lo their form ; but what- 
ever this may be, each consiata of a solid part, or skeleton, and a soft 
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tmiatKveat fleeb. The skeleton, u shown in Sg. 140, is tmmpoMd of 
three caloBreatu )&w% hsTing a sharp recurved tooth at the afex and an 
internal Kiratod edge, while the tissue surrouDding the jaws is strength- 
ened l^ minute bionrraht spicuU; it is seated on a cylindrical stalk 
placed in the centre of the fleshy stem. 

" All theae parts, when highl; magnified, present the characteriHtic 
■tructnie of the shell of the anunal ; the soft tisane, on the cootrary, is 
tfauaparant, contractile, and, like that of the cirrhi, is capable of coq- 
(idenble elongatioa and fiexioii. While the Echiaus is living, the 
Pedieellanie are always in active movement from side to side, the jaws 
He continually opening and shutting and if a small body be placed within 
them, it is held with tolerable force. They are attached to the soft fleahj 
covering of the shell by a dilated base, and are not confined to any par- 
tioaUr part of the shell, but many may be seen on the thin membrane 
dosing the oral aperture. The part which I have called the stalk is 
wmawhat dilated at each extremity ; its structure resembles that of a 
■mall spine, and it is stated by 8ars that each stalk, like a spine, is 
uticolated to a minute tnbercle ; but of the truth of this I have never yet 
been able to satisfy myself, as in all cases after their removal the soft 
■t«m has been found to oomjiletety iavwt the whole of the calcareous 
matter. 

" If the Pedicellaiue be removed from the Echinus, they will continue 
in tdive movement for some time, and if one of them be touched with » 
needle or pin, those in the neighbourhood will all bond towards the one 
that has been irritated. In the .Ast^riadie thu Pedicellariie are of a 
different form to those in the Echini — in the Asterias ruhent, for example, 
in which they are very abundant, as shown at a a, in fig. 109, the 
caleareous jaws are like the two valves of a -rt „ 

mussel, as repreaented at h, m fig. 140, two of *«■ '**■ 

the edgee being serralod, whilst the other two> 
which are not olosely approximated, have a 
aemidrcnlar notch, leaving an opening between 
tbem when in appoeition, and the stem is short 
and flexible, but not provided with a calcareous 
axis as in the Ecmnidie. When magnified 
130 diameters, as shown at c, the characteristic 
reticulated structure is exhibited. Uounted 
Riecimens, taken irom the outer surface of the 
■hell of JbAtnut mUiarit, as represented at a, 
in flg. 140, show very distinctly the three jaws 
and the axis or stalk, bnt being in a state of 

oonttaction, the soft parta appear very short , * 

•nd puckered up, so uiat a spedea of neck is 
formed between the jaws and the axis ; this, 
however, is not the case in living specimens. 
All the parts composing the sk^eton of the 

Fedicellarin exhibit the characteristic retdcu- — ^^^^ 

latod structure of the Echinodermsta. The .JiuCfcUSto of^?^ 
jaws are thin, flattened below, sharp above, the ndAz^oria of Jit^ria 
md Iwt n=„lr .l.rigl.1 ■ogK -. » to.fm . -JJ. ^.^.^ .^^ 
tooth; the axis is about Jth of an mch m 130 diuMten. 
length and dilated at both extremities, and in 

■lu^ and structure is very like the spine of an Echinus, On either side 
(rf the jaws may be seen a row 01 small bicurvate spicula, somewhat 
resembling those in the disc of the inrrhi of the Ecbinidte, but differing 
from them, as represented at d, in Plate XIV., fig. 19, of the first volume 
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of the * Histological Catalogne,' in having more than one hooked prooees 
extending outwards from the point where the curved portion commences. 
Under a power of 40 diameters, as shown at a, in fig. 109, numerous 
p. ^ .. Fedioellarise are distinctly visible on the 

^' * upper dermal surface of A^ertas ruhen^f even 

after having been dried ; but as the soft fleshy 
stalk is very short and has no calcareous 
axis, little can be seen except the jaws. 
Pedicellariae also exist in the Spaiangiy but 
they are not so evident as in the Echini ; the 
principal varieties found in 8. purpureus, 
according to Forbes, are represented in 
fig. 141. 

''The Pedicellariae then, without doubt, 
belong to the animal on which they are 

''***'fS^^^''^ ^^^^ » ^'^^^ "® °^^ parasites, but it is diflS- 

^^ cult to determine their true office ; they are 

probably useful in keeping the shell free from all intruders of a parasitio 

nature, and m^ be supposed to perform an analogous function to that of 

the so-called * BirdVhead processes' of the Bryozoa,^ 

The MoUusca and Articulata are treated of after the 
Echinodermata. The shells of the principal families of the 
Mollusca are examined in detail, and many new points in 
their structure described and illustrated. The Artieulata are 
not treated so much in detail. In these concluding lectures 
we had marked some passages which we should have liked 
to have transferred to our pages. We have, however, given 
sufficient for our readers to form an estimate of the work, 
which we are sure will be of such a kind as to lead them 
to feel that it is one of great value to the microscopical 
student. The illustrations are very copious, and every one 
will be able to form an opinion of their excellence from those 
we have given above, v 



( 86 ) 



NOTES AND CORRESPONDENCE. 



Om the Apcrcon of O^eet-^flmmaem, — It appears to me that yoUF 

correspondents on the subject of the aperture of object-glasses 
for microscopes, and the methods of measuring the same, 
have left the simple means of ascertaining the angle of aper- 
ture, and taken up with such complex methods, that they 
have been led into very considerable errors ; and hence the 
erroneous results, in my opinion, of Professor Robinson and 
Mr. Wenham, particularly with regard to objects mounted in 
balsam. My method of measuring the angle of aperture is, 
to use the object-glass of the microscope as the objective of a 
diminishing telescope, making use of a single lens of an inch 
and a half focus for the eye-piece of the telescope, and then 
fixing this little telescope on a divided circle with the focus 
of the objective over the centre of the circle, or else by placing 
two candles so that each of them may be at the extreme edge 
of the field of view of the telescope. In the first case, the 
angle of aperture is accurately measured by the circle, when 
the image of the flame of a distant lamp or candle is made to 
traverse the field of view of the telescope ; in the second case, 
lines drawn from the objective to the two candles form the 
angle of aperture, which may be easily measured by a com-> 
mon protractor. Now, by taking either of those methods, 
and measuring the angle of aperture with nothing intervening, 
with a slider containing an object mounted dry, or one with 
an object mounted in balsam ; the results were (as they ought 
to be from the laws of light) in all cases exactly the same. 
Had Professor Robinson's and Mr. Wenham's results, with 
regard to balsam-mounted objects, been correct, the two 
candles placed at the extreme edge of the field of view, in a 
lens of 150^ of aperture, would have required to have been 
brought more than four times as near together,* when the 
slider with the balsam-mounted object was interposed, as 
when it was not ; but the candles did not require moving, but 
remained at the edge of the field, whether the slider was 
there or absent. Again, two sliders were taken of exactly the 
same thickness, the one containing objects mounted dry, the 
other objects mounted in balsam ; one of these being placed 
on the stage of the microscope, was illuminated with such 

* The proportion of the tangents of IS** and 40*", or half the angle of 
aperture. 
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extreme oblique light, that only one-half of the field of view 
of the microscope was illuminated ; the line- of demarcation 
between the illuminated part of the field and the black-ground 
part, passing directly through the centre of the field, and this 
division of the field remained constant when no slider was on 
the stage, when the one with the objects mounted dry was 
placed there, and when the one with the balsam-mounted 
objects was used. Had the angle of aperture been at all 
altered or lessened, by the interposition of the sliders,, it must 
instantly have become visible by the change of illumination 
in the field of view of the microscope. 

When I first read the account of the results obtained by 
Professor Robinson and Mr. Wenham, it struck me forcibly 
that they must have committed some great error ; for, in 
experiments with the fine linear objects, I had never been 
able to see the markings on the N. rhombaides with an angle 
of less than 120^, when it was mounted dry : now, if it caimot 
be seen with less than 120^ when mount^ dry, it would be 
impossible with any angle to see the markings on it when 
mounted in balsam ; as an angle of 150'^ (according to the 
results given in your Journal^ would be reduced to less than 
80^ when employed to examine an object in balsam ; but in 
opposition to this, I always consider that with my l-12th of 
150° of aperture, I can see the markings on N. rhomboides 
better in those specimens which I have in balsam, than in 
those which are mounted dry ; and Mr. Wenham himself 
stated to me that he had never seen the markings on N. 
rliomboides so well as he saw them on one of my dry speci- 
mens, and yet at least they are equally as distinct on those 
which I have in balsam. I should advise both Professor 
Robinson and Mr. Wenham to go over their experiments 
once more, and I think they will be able to determine how 
they have fallen into error. — J. D. Sollitt, Grrammar-School^ 
Hull. 

IllBinlaatto* of mkermmompU Oluecis«^~I beg permission to 

insert in the next nqmber of the ' Quarterly Journal of Micro- 
scopical Science' a short comment on Mr. Rainey's remarks on 
my paper on microscopic illumination. I have no desire to 
raise a controversy that must in the end be perfectly useless, 
but as Mr. Rainey misquotes my sentences, and implies that 
I am ** dogmatical," a few words in reply may perhaps be 
allowed, with the understanding that I feel all due deference 
and .respect for Mr. Rainey's long experience as a micro- 
scopical observer. 

In the first place, where can be the " ambiguity and com- 
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plexity" of my assertion, that light cannot be totally reflected 
either externally or internally from refracting bodies with 
parallel sides, when this is a well-known and simple optical 
fact, yet Mr. Rainey again states that the total r^lection he 
alludes to '* is supposed to be from one surface only, namely, 
from that on which the rays are incident ?" 

I have stated that the undulatory theory of light has uery 
little or nothing to do with the illumination of microscopic 
objects. Mr. Rainey has cleverly turned these four short 
words, and assumed that I, with great presumption, have 
ventured to deny the undulatory theory being a correct one, 
afid then proceeds to argue and defend the case as if I had 
really done so. My meaning (which will be easily under- 
stood by referring to my paper) was simply this. — When we 
view a house, a tree, or a distant landscape, I think that it 
will be admitted that there is no occasion to refer to the un- 
dulatory theory to account for their visibility. The same 
reasoning may also be applied to objects of minute size, as the 
point of a needle^ fibres of a piece of textile fabric. All these 
conditions are still in existence when a magnifying lens is 
used, which in effect merely serves to shorten the focus of the 
eye. I cannot see the utility of attempting to endow minute 
objects with exclusive properties when under the microscope ; 
their illumination and visibility are simply a question of quality 
and direction of light, the same as in all ordinary cases. 

Mr. Rainey will, I trust, pardon me for stating that I have 
not '^ invented any new theories" to explain the action of my 
parabolic condenser, for, to use his own words, ** these facts 
allow of an easy and obvious explanation upon long-esta- 
blished principles." The whole of this implied theory rests 
upon my making use of the term '^ radiated light." If Mr. 
Rainey will distinctly contradict the fact, that an illuminated 
atom does in reality radiate light in all directions, I shall be 
better able to answer the question. 

I must remonstrate against Mr. Rainey 's assertion that I 
myself ^^ evince great dissatisfaction with the term radiated 
light." This refers to a note at the end of my paper, stating 
that I had adopted the term because it was descriptive and 
convenient, though perhaps not philosophically correct. Mr. 
Rainey's application of this remark only serves to show me 
that this is an admission that I ought not to have made. — F. H.' 

WfiNHAM. 



New Acftyrmaatte CmUNsmct. — Having invented a new kind of 
achromatic condenser of general utility, for all kinds of illu- 
mination, and finding it much superior to anything of the 
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kind I have yet seen, I feel desirous that others should avail 
themselves of the advantages attendant on its application to 
the microscope. 

This condenser consists of two achromatic lenses, one of 
four and the other of two inches focus. The four-inch lens 
has an aperture of an inch and a quarter, the two^inch lens 
an aperture of three-quarters of an inch ; thej are placed at 
one inch and three quarters asunder, and the compound focus 
is an inch beyond the smaller lens. This condenser is placed 
below the staige of the microscope, but contrived to revolve in 
the arc of a circle, so as to vary its position from perfectly 
direct light, to the greatest obliquity of position that may be 
required for illuminating the most delicate linen objects. Its 
distance from the stage when used with the higher powers 
being such, that in every position a perfectly well-defined 
image, either of the flame of the lamp, or the bars of the 
distant window, is depicted on the slider holding the object. 
The two achromatic object-glasses, which form the condenser, 
require to be accurately made, and when so formed the light 
^frorn it is most intense and of the purest kind, at the same 
time producing a degree of definition superior to that of any 
other method of illumination that I have seen T in addition to 
this, the illumination is equally perfect for the most oblique 
light ; so much so, that when the axis of the condenser is 
inclined to the axis of the microscope, for the most extreme 
angle required with lenses of 150° of aperture, there does not 
appear any diminution either of light or definition. 

For microscopes furnished with this condenser no concave 
mirror would be required ; and for illumination with the low 
powers it is only necessary to slide the condenser further from 
the object, so as to illuminate it by a broader part of the pencil 
of light. 

The light may be either admitted direcdy through the con- 
denser, or reflected through it by means of a plain mirror. 
By the use of this condenser I have resolved many of the 
delicate test-objects with a l-4th of an inch lens of 95^ of 
aperture, that would be found under ordinary illuminations 
very difficult to resolve with a l-8th object-glass and 130° of 
aperture. 

The two lenses used in this condenser are constructed on 
the same principle as all achromatic combinations for the 
microscope, their plain sides being turned towards the object, 
and the wider lens of course placed next the light. A good 
workman will easily contrive an elegant method of fixing the 
condenser to the microscope, and it may be adapted so that 
the axis of the condenser may be brought to the required angle 
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with the axis of the microscope, by rack-and-pinion movement, 
as well as varied in its distance from ibe stage by the same kind 
of motion. It may be further observed that when the angle, 
which the axis of the condenser makes with the axis of the 
microscope, is greater than half the angle of aperture of the 
object-glass, the black-ground illumination is produced in the 
most perfect manner. Provided this condenser be attached 
to the stage of the microscope by a circular arc divided into 
degrees, the angle of aperture of the objectp-glass under all 
conditions can be accurately ascertained, for the limit of aper- 
ture will be when the illuminated field is just passing into 
the black-ground illumination. — J. D. Sollitt, Grammar' 
School, Hull 

llIt c r o « e »pic«l KxaiHiM«tto« of Deep 8*B«iliMC« iStmuL the Atbuttie 

OccMi. — The soundings examined were as follows : — 



1080 &thoms. Latitude 42° 04' North, Longitude 29^ 00' West, Ju]> 25« 1858. 
1360 ,, ,, 44=»41' ,. ,, 24^85' ., ,, 18 „ 

1580 , , , , 49^ 66' 30" , , 13° SO' 46" Aug. 22 , , 

1800 ,, ,, 47^38' ,, ,, 09° 08' ,, No date. 

2000 ,, ,, 64° 17' ,, ,, 22° 33' ,, ,, 

As these soundings are believed to be the deepest ever 
submitted to microscopic examination, and were obtained at 
localities far remote from those previously noticed, they were 
studied very carefully, and the following are the facts ascer- 
tained : — 

1. None of these soundings contain a particle of gravel, 
sand, or other recognizable unorganized mineral matter. 
• 2. They all agree in being almost entirely made up of the 
calcareous shells of minute, or microscopic Foraminiferae 
{^Polythalamia, Ehr.), among which the species of Globigerina 
greatly predominate in all the specimens, while Orbuliiia uni- 
versal D'Orb., is in immense numbers in some of the sound- 
ings, and particularly abundant in that from 1,800 fathoms. 

3. They all contain a few specimens of non-parasitic or 
pelagic Diatoms, among which Ccscinodiscus Kneatus, C, ex- 
centricusy and C. radiatus of Ehrenberg, are much the most 
abundant. 

4. They all contain a few siliceous skeletons of Polycis- 
tines, among which are several species of Haliimtmay Litho- 
eampcy &c. 

5. They all contain spicules of sponges, and a few speci- 
mens of Dictyocha JUmla, Ehr. 

6. The above-mentioned organic bodies constitute almost 
the entire mass of soundings, being mingled only with a fine 
calcareous mud derived from the disintegration of the shells. 
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7. These soundings contain no species of Foraminifeni 
belonging to the group of AgathistegiLeM {PUcatUiOy Ehr.), a 
group which appears to be confined to sballow waters, and 
which in the fossil state first appears in the tertiary, where it 
abounds, 

8. These soundings agree with the deep soundings oflP the 
coast of the United States, in the presence and predominance 
of species of the genus Globtfferina^ and in the presence of the 
cosmopolite species of the Orbulina umversa^ D'Orb., but 
they contain no traces of the Marffinulina Bacheii^ B., Textilaria 
AtlaniicOf B., and other species characteristic of the soundings 
of the western Atlantic. 

9. Examined by chromatic polarized light, the foramini- 
ferous shells in these soundings showed beautiful coloured 
crosses in their cells, and the mud accompanying them also 
became coloured, showing that it is not an amorphous che* 
mical precipitate. It in fact can be traced, through fragments 
of various sizes, to the perfect shells of the Foraminiferae. 

10. In the vast amount of pelagic Foraminiferse, and in the 
entire absence of sand, these soundings strikingly resemble 
the chalk of England, as well as the calcareous marls of the 
Upper Missouri, and this would seem to indicate that these 
also were deepnsea deposits. The cretaceous deposits of 
New Jersey present no resemblance to these soundings, and 
are doubtless littoral, as stated by Prof. H. D. Rogers (Proc. 
Bost. Soc. Nat. Hist 1853, p. 297).* 

11. The examination of a sounding, 175 fathoms in depth, 
made in latitude 42° 43' 30" N., longitude 50° 05' 45" W. 
(near Bank of Newfoundland), by Lieut. Berryman, gave 
results singularly different from those above stated. It proved 
to be made up of quartzose sand, with a few particles of horn- 
blende, and not a trace of any organic form could be detected 
in it. This exceptional result is important, as it proves that 
the distribution of the organic forms depends on something 
else beside the depth of the water. 

12. Connecting the results above mentioned with those fur- 
nished by the soundings made in the western portions of the 
Atlantic, it appears that, with the one exception above men- 
tioned, the bottom of the North Atlantic Ocean, as far as 
examined, from the depth of about 60 fathoms, to that of more 
than two miles (2,000 fathoms), is literally nothing but amass 
of miscroscopic shells. 

13. The examination of a large number of specimens of 
ocean water taken at different depths by Lieut, ferryman, at 
situations in dose proximity to the places where the sound- 

* American Jouraal of Science and Arts. 
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ings were made, efaows that even in the summer months, when 
animal life is most abundant, neither the surface water, nor 
that of any depth collected, contained a trace of any hard- 
shelled animalcules. The animals present, some of which are 
even now alive in the botdes, are all of a soft, perishable 
nature, leaving on their decay only a light fiocculent matter, 
while the Foraminifersa and Diatoms would have left their 
hard shells if they had been present. 

As the species whose shells now compose the bottom of the 
Atlantic Ocean have not been found living in the surface 
waters, nor in shallow water along the shore, the question 
arises, Do they live on the bottom at the immense depths 
where they are found, or are they borne by submarine currents 
from their real habitat ? Has the Gulf-stream any connection 
by means of its temperature or its current with their distribu- 
tion ? The determination of these and other important ques- 
tions connected with this subject requires many additional 
observations to be made. It is hoped that the results already 
obtained will induce scientific commanders and travellers to 
spare no pains in collecting deep-sea soundings. If such 
materials are sent either to Lieut Maury, U. S. Observatory, 
or to myself at West Point, N. Y., they will be thankfully 
received and carefully studied. — J. W. Bailet. 



•■ ■•■le aew liocaiiiies ef FmnO DJatoauicMB.— Some interesting 
specimens of fossil Diatomacese from California and Oregon 
having come into my possession, I am induced to publish the 
following brief notices of them, in hopes to direct the atten- 
tion of travellers in those regions to those remarkable deposits, 
and thus acquire more information concerning their position 
and extent. 

1. The first specimen of fossil Diatomaceae from California, 
I found among specimens of minerals collected two or three 
years ago in California by Washington Chilton, Esq., of New 
York. It was from Suisun Bay^ 25 to 30 miles above St 
Francisco, where Mr. Chilton says a large bed of similar ma- 
terial exists. It consists of a light white clay-like substance 
made up entirely of fossil marine Diatoms, many species of 
which are identical with species occurring fossil in the tertiary 
diatomaceous deposits of Virginia and Maryland, while a 
number of the species found in these latter deposits do not 
occur in the California beds. 

2. In a box of minerals, collected in Oregon and California 
by Lieut Robert Williamson, of the U. S. Topographical 
Engineers, I found four specimens of fossil diatomaceous 
earth, evidently from different localities, although unfortu- 
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nately the precise locality is mentioned for but two of the spe- 
cimens. I will designate them as specimens A, B, C, and D. 

Specimen ^. — This is a very light white substance, made 
up of the siliceous shells of fluviatile Diatoms. The predo- 
minant species are a small Gallionella and a Discoplea^ mingled 
with a few species of Epithemia^ Cocconemaj Gomphonema^ 
and Spongiolites, This specimen was without a label, but is 
believed to be the specimen referred to in the following 
extract from a letter received from Lieut. Williamson : — '* You 
will find some of the light white clay from Pit Rivera which 
I spoke of to you." I'his is, I believe, the same substance 
which has given rise to the newspaper accounts of cliffs in 
California composed of carbonate of magnesia. 

Specimen B, — ^This is a light white chalky mass, whose 
locality is not given. It consists of fluviatile species, among 
which various species of Biblarium are quite abundant. The 
species of this genus have been found living in Siberia, and 
fossil in Oregon. Lieut. Williamson's specimen resembles 
the Oregon mass found by the U. S. Exploring Expedition 
under Captain Wilkes, but presents a different group of forms 
and therefore must be from a different locality. 

Specimen C. — This is also a chalk-like mass, whose precise 
locality is not marked. It is composed chiefly of a minute 
species of Gallionellay mingled with sieve-like discs, which at 
first would be referred to the marine genus Coscinodiscus ; but 
the entire absence of all other marine forms, and the presence 
of several decidedly fluviatile species, make me believe that 
the deposit is a fresh-water one, and careful examination of 
these discs show that they are more nearly allied to the fresh- 
water genus Stephanodiscus than to the marine Coscinodisctu, 

Specimen D, — Is an ash-coloured earth, marked as from 
near the Boiling Spring, Pit River. It is chiefly remarkable 
for containing a great number of Pht/tolitharia, or remains of 
the siliceous portions of plants, mingled however with nu- 
merous minute fluviatile Diatoms. 

It is hoped that travellers in California and Oregon will 
keep a look-out for specimens of light white clay-like sub- 
stances, and carefully marking the locality at the time of collec- 
tioH, send them to me for microscopic examination. Even a 
minute portion sent by mail will be very acceptable. — 
J. W. Bailey. — American Journal of Sciences, 

p«weii Mid licaisBd** if«w c«Bd«Mer. — In the last October 
number of the ^ Microscopical Journal,' I observed a notice 
of Powell and Lealand's new condenser, by Dr. Inman of 
Liverpool, in which he mentions his having demonstrated the 
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markings on the Ceratoneis fasciolata {Pleurosiffma fasciola), 
hj means of using a l-8th-inch object-glass^ which power 
I presume he considered necessary for that purpose. I have 
now the pleasure of stating that with the same kind of con- 
denser, but with one of Powell's recently-made l-4th-inch 
objectiyes, I have brought out the markings of this species in 
the most satisfactory manner ; also with the same power the 
markings, rather difficult of detection, of the Pleurosiffma 
delicatulumj intermedium^ nubicula and jEstuarii^ and of Nitz- 
schia sigmoideti, using, however, in place of the achromater, 
Shadbolt's Annular Condenser, with the light direct from the 
lamp — a method of illumination which seems to be especially 
adapted to the demonstration of delicate test objects. The 
same result has been obtained, but I think in a more perfect 
manner, by means of the prism furnished by Powell and Lea- 
land, which should be so adjusted for this purpose as to give 
the object illuminated on a perfectly black field. 

The above facts may be interesting to some of your readers, 
should you deem them worthy of insertion in the next number 
of your Journal. — E. Bleakley, M .D., Norwich. 

New HpeciM •f w^iaMmmmetm, — The species of DiatomaccfB 
here described as new, together with others, were detected 
either as parasites upon Alga?, or entangled in mud adhering 
to shells, Algse, &c., brought home by the Exploring Expe- 
dition under the command of Capt. Wilkes, U.S.N. 

1. Amphitetras favosa^ Harvey et Bailey. Loricis tabulari- 
bus; lateribus vix concavis, primario; secundario quadran- 
gulo, angulis fererectis vix productis, superfice cellulis magnis 
hexagonis tessellata. Hah. Mindanao. 

2. Amphitetras Wilhesii^ H. et B. ; loricis prismatico-tabu- 
laribus, lateribus concavis, primario longitudinaliter striato- 
punctato medio transversim zonato ; secundario quadrangnlo, 
angulis productis rotundatis, superficie cellulis minutis in 
lineas simplices furcatasque dispositis notata, prominentiis 
fugalibus punctulatis. Hah, Puget's Sound. 

3. Aulacodiscus Oreganus^ H. et B. ; lorica prominentiis 
redecim intramarginalibus instructa, a quibus tot radii fere 

ad nmbonem procurrent ; superficie prsBter umbonem glaberri- 
mum, minute punctata iridescente. Hah. Puget's Sound. 

4. Campyhdiscus Kiitzinffii, H. et B. ; sellaeformis, late 
marginata, sulcis subquinquaginta transversis continuis curvatis 
impressa. Hob. Mindanao. 

5. Cocconeis parmula, H. et B. ; late elliptica, linea media 
longitudinali notata, utroque latere costis (vel sulcis) trans- 
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verais magnis 10-12 irregularibus impressa ; superficie trans- 
venim striato-granulata. Hob. Tahiti. 

6. Coccaneit rhomhifera^ H. et B. ; late elliptica rel sub- 
orbicolariB, lineS. medii oblique-longitudinali sigmoidea 
areolam glabratam percorrente quae apice et basi attenuata 
est, et versus umbonem in rhombi formam ampliata ; super- 
ficie decussatim et transversim punctata. Hob, Puget's Sound. 

7. Cocooneis sulc(xta^ H. et B. ; late elliptica vel suborbicu- 
laris, transversim sulcata, sulcis 30-40 arcuatis. Hab. Puget's 
Sound. 

8. Hyalodra punctata^ H. et B. ; loricis magnis in catenas 
longas co-ordinatis rectangulis subquadratis transversim inter- 
ruptd vittatis ; vittis medio lories altemantibus granulatis, 
alterais serie punctarum insignium omatis. Hab. Tahiti. 

9. Isthmia minima, H. et B. ; zona transversali subtilissime 
decussatim punctata, lateribus (secundariis) cellulis magnis 
granulata. Hob. Rio Janeiro and Sooloo Sea, 

10. TViceratium concavum^ H. et B. ; lorica lateribus valde 
concavis anguUs rotundatis, superficie triquetra cellulis minutis 
in lineas radiantes simplices furcatasque co-ordinatis notata ; 
prominentiis jugalibus punctulatis. Hab. Tahiti. 

11. Jhriceratium ffibbosum^ H. et. B. ; parvum, fere inflato- 
globosum, lateribus valde convexis, angulis prominentibus, 
superficie ut in T. concavum notata. Hob, Tahiti. 

12. Triceratium orientalej H. et B. ; magnum ; lateribus 
convexis angulis productis obtusis, superficie triquetr& cellulis 
magnis faexagonis favosa. Hab, Mindanao. 

13. Triceratium fVilkesii^ H. et B. ; lorica lateribus con- 
vexiusculis angulis rotundatis, superficie ut in T. concavum 
notatS. HcA. Puget's Sound. 

Appendix. 

14. Loffena Williamaoni^ H. et B. ; testa bicellulosa, cellulis 
diversis, inferiore ellipsoidea longitudinaliter costata in isth- 
mum infundibuliformem attenuata, et ad cellulam superiorem 
glabram semi-lagenseformem (vel inverse infundibuliformem) 
ferruminata ; collo breviusculo recto, ore subampliato. Hab, 
Mindanao. — Professor W. H. Harvey and Professor J. W. 
Bailet, in Proceedings of Academy of Nat, Sciences^ Phil. 
Oct, 1853. 
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On the JSticroscqpical Structure of Freshwater Marls and Lime- 
stones. By H. Clifton Sorbet, F.G.S. 

Thb author first described the general conduAons he had arrived at 
with respect to the condition of the mineral portion of calcareous 
organisms, which he considered is first deposited in the form of 
ciystalline granules of variable size, that afterwards undergo more or 
less of crystalline coalescence. In some cases this scarcely occurs at 
all ; but in others it does to a very considerable extent during the life 
of the organism, and this produces a great difference in the character 
of the particles into which it is resolved by decay. The fiiUing to 
powder that then takes place is the result of the oxidization and 
removal of the organic portion, and, if no crystalline coalescence 
had occurred, the shell or other body might be resolved into the veiy 
minute, ultimate, crystalline granules ; whereas, if much coalescence 
had taken place, it would break up into much larger ones, showing 
in many instances its minute organic structure. 

The particular forms of the particles into which the Limnseans 
and Faludinse, found so plentifully in many fresh-water mark, are 
resolved by decay, were then described and shown to present such 
definite characters as to render it easy to distinguish them with cer- 
tainty from most others at all likely to occur m them. Soft, loose 
marls can of course be investigated by mixing the particles in water; 
but thin sections of harder limestones must be prepared, and the fiicts 
which may be learned from them are in many respects very superior ; 
and from them the relative proportion of the various constituents 
may be determined with gpreat accuracy, by carefully drawing their 
outline on strong even paper with a camera lucida, and afterwards 
cutting out the several portions and weighing them. This method 
the author terms ^^ physical analysis." To fully describe all the 
necessary particulars would occupy too much space for this abstract ; 
but, by attending to them, very great accuracy may be attained, and 
the true physical constitution of the specimen stated in a manner 
quite difibrent from what could be ascertained by chemical analysis, 
which, for the purpose of these inquiries, is often greatly inferior, 
though often most valuable in addition. 

Proceeding to the application of these methods of research to 
particular cases, some white marly deposits found in some of 
the fiUed-up lakes of Holderness were described, and shown to be 
composed of such particles as result from the decay of BWdma 
ientaeulaUif mixed with a small but variable proportion of such as 
are derived from decayed Limnseans. In confirmation of this it 
may be stated, that though no entire shells are found in them, yet 
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numerous opercula of the Sithinia occur, which therefore appear to 
have been less prone to decay than the shells themselves. Other 
similar marls of post-tertiary age were also described, and shown to 
have result^ from the decay of similar shells in variable proportion. 

The soft marly portions of the Isle of Wight tertiary fresh-water 
limestone were stated to be of precisely the same nature as the above, 
being composed of such particles as result from the decay of Lim- 
nseans, in which term are included LimruBUs and Planorhis, The 
examination of thin sections of the harder varieties of the same 
limestone also shows that they were derived from the same source, 
mixed with a variable, sometimes very large proportion of fragments 
of Charse ; but they have undergone more or less of crystalline 
consolidation. As examples of them, two physical analyses may be 
given of specimens from Binsted, which will also serve to show the 
character of such analyses. 

I. A hard, marly-looking specimen, with numerous cavities due 
to the removal of the shelly matter of more or less entire LimnsBans : 

Empty cavities . . . . .16*3 

Fragments of LimnsBans . • . .15*6 

Fragments of CAara . . • .11*0 

Fine grains of decayed LimnsBans and Chora 57 *0 
Peroxide of iron . • « • . * 1 



100*0 



2. A hard, even-grained specimen, with no entire or large frag^ 
ments of shells visible to the naked eye : 

Grains of Limnsean shell showing structure ^ ' 7 ) | o ^ 

Ditto not showing ditto . . . 12*31^ 

Crystallized fine granules of shell, &c. . 55*9 

Quartz sand . . • . • 13*5 

Very fine sand and decomposed felspar . 12* 1 
Peroxide of iron, chiefly in the substance 

of shell fragments . . • • '5 

100 
In the above-described marls and limestones are found several 
curious bodies, but in no great proportion ; and, on the whole, they 
may be said to be derived from the decay of the fresh-water shells 
found in them, and not from the deposition of chalky mud, which 
has a totally different character, though the calcareous matter in the 
water, from which the shells procured it, may have been derived 
from the contiguous chalk. It is worthy of remark, that in these 
marls no Diatomacece are found, though they abound in the clays 
associated with some of them ; but the examination of tu&ceous 
travertins has fumbhed the author with evidence which proves that 
contact for a long period with carbonate of lime decomposes snd 
destroys their siliceous coverings, and therefore they could hardly 
be expected to occur in such deposits as those under consideration. 
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PLATE I. 
Illustrates Mr. Gorham's Paper. 



DESCRIPTION OP PLATE H. 

Illustrating Mr. Currey's Paper. 
«g. 

1. — ^A thread of Trichia chrysoaperma. 

2. — ^The end of a similar thr^ acted npon by sulphuric acid. The 

spiral appearance has vanished for a i^ort space from the end. 
8. — The end of a similar thread which had been soaked in oil of lemons. 

The tip appears to have become flaccid, and the spiral marking 

has partiallv disappeared. 
4."^A thread oi Trichia nigripes, 
5.-»A portion of a thread of TSichia iveenitma, acted upon by Schulz's 

solution. 
6.— The tip of the same. 
7 and 8.— Portions of threads of Trichia serpula. 
9. — ^Portion of a thread of Trichia pyrtfarmia. 
10. — ^The membrane of Trichia pyri/ormiSy unrolling spirally. 

All the figures are highly magnified. 



DESCRIPTION OP PLATE IIL 
In illustration of Dr. Allman's Paper. 

Figs. 1 — 8. Aphanizomenon Fl(»'aqua, 

1. — ^Fascicles of filaments, natural size. 

2. — ^Three primary fascicles united intx> a larger bundle, magnified. 
3. — The fascicles have broken up into their component filaments, which 
have rearranged themselves into parallel wavy curves, slightly 
magnified. 
4. — ^A filament with two sporangia, 
a, a, ordinary cells. 
6, h, sporangia. 
5. — A filament with a heterocyst. 

a, a, ordinary cells. 

b, h, heterocyst. 

6. — Filament with a heterocyst after the %pplioatioii of a eolntion of 
iodine, 
a, ordinary cells. 
5, heterocyst. 
7. — ^A sporangium after the application of a solution of iodine. 
8. — ^Portion of a filament in which several ordinary cells seem to be in 
process of coalescence, in order to form a sporangium. 

Figs. 9 — 17. Peridinea uberrima.* 

9. — F. uberrima in the act of swimming, viewed from d)6 side of the 
vertical furrow. The ooelliform spot and nucleus are visible 
through the walls. * 

10. — The same viewed from the opposite side. 
11. — ^The animalcule after having passed from a motile to a quiescent 

state. 
12. — ^The animalcule with the external vesicle ruptured, and the contents 
escaping. 
a, a, oil-globules. 
b, nucleus. 

c, c, brown granules. 
13. — ^The nucleus isolated, 

14. — The animalcule undergoing transverse division. 

15. — ^The same after the application of a solution of iodine. 

16. — Outline of nucleus, with commencement of transverse division. 

17. — Transverse division nearly completed. 
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DESCRIPTION OF PLATE IV. 
Illustrating Prof. Gregory *8 Paper on the Glenshira Sand. 

1. — Eunotia Fdlx^ n. sp. 

(Found in the deposits of Liineberg and Lillhaggsjon. See Vol. II., 
p. 104, of this JoumaL) 

2. — NitzKhia SiffmateRa, n. sp. 

(Found as above, but also in the Mull deposit, and, with all the 
following figures, in the Glenshira sand.) 

3. — CymbeUa trtmcatay n. sp. 

4. — Amphora Arcus^ n. sp. 

5. — „ WMJMrtw, n. sp. 

6.— „ angulariSf n. sp. 

7. — Ooccan^ trcmaverscUis, n. sp. 

8. — n speciosOf n. sp. 

9. — „ disianSf n. sp. 
10. — „ costata, n. sp. 
11. — Eupodiacus Raffsii f var. 
12. — SurireUafaatuoM, var. 
13. — TryUicn^ constricta, n. sp. 
14. — Amphiproa VUrea, var. ? 
15. — Navicula hirostrata, n. sp. 
16. — „ rhombica, n, sp. 
17. — n gastroidesy n. sp. 
18. — „ craasay n. sp. 
19. — „ nuucvma, n. sp. 
20.~^PinnuIaria Gastrumy Mr. 
21.^ „ apieulakt, n. sp. 
22. — Synedra Vertebra^ n. sp. 
23. — „ trnduUmSy n. sp. 



DESCRIPTION OP JLATE V. 
Illustrating Mr. Huxley's Paper on Noctilttca. 

1. — Noettluoa miJtarw, from above. . 

2.— The ammal viewed from behind, showing the groove. 

3.— A latero-inferior view, displaying the oral aperture, the dlimn, the 
tooth, a gastrio pooch, and the anal (?) ap^tore. ^ 

4.— The oral aperture on a larger scale. 

5. — ^Antero-superior view, showing the i^iicleus, the fibres and fibrils, the 
tooth and the reproductive (?) granides. 

6. — ^The superficial network of granules and fibrils. 

Of Tentacle. 5, groove, c, nucleus, d, tooth, e, gastrio pooches. 
/, anal aperture, g^ radiating fibres and fibrils. A, repro- 
ductive (?) granules. 
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Auditory Apparatus of the Culex Mosquito. By Chris- 
topher Johnston, M.D, Baltimore, United States. 

It is more than presumable that creatures endowed with the 
faculty of producing and voluntarily modifying distinct saunds, 
should also possess organs for ^the apprehension and ap- 
preciation either of rhythmic or irregular sonorous vibrations. 
The insect tribes are precisely in this category ; the apparatus 
by which is produced their song, their hum, or their chirp, is 
extremely varied, and the sounds which emanate from it offer 
a great diversity, even in the larger individuals, or,' in other 
words, so far as our own auditory organs permit our sense to 
follow the rising scale. That these sounds are in some way 
perceived by insects themselves we have abundant evidence 
in the Cricket (^Gryllus\ the Grasshopper {Cicada)^ and espe- 
cially in the Bee, which responds to another individual in a 
particular note.* Some insects are supposed to be silent; 
while the smaller varieties, from the exceeding minuteness 
of their parts, give rise to vibrations so rapid as to be in- 
appreciable by our ears. 

It will readily be admitted that if there be a limit for acute 
sounds, corresponding with the smallest number of vibrations 
capable of producing an auditory impression, there must also 
be a limit to the development of an acoustic apparatus ; and 
" we cannot,*' as Duges remarks, " conceive of a true micro^ 
seopic ear." In the Protozoa^ therefore, and possibly in the 
most diminutive insects, we may abandon the idea of a cen- 
tralization of the faculty of perceiving vibrations, and feel 
assured that the sense of touch, generally distributed, stands 
in the stead of a '^ sensorial speciality." 

From analogy, pursued downwards, we might expect to 
discover the loc^ization of the ^'sensorial speciality," when 
it exists, in the head of insects, or else from analogy, pursued 
upwards, might we sometimes look for its seat elsewhere. In 
fact we find numerous descriptions of an auditory apparatus 
situated in the head of certain species, and in parts connected 
with the thorax of other species ; but many of the observers 
have failed to convince others than themselves ; and other 
writers have assigned, in some instances, a different function 
to the oi^ns spoken of as being concerned in audition. 

♦ Diig^s. Physiol. Comp. 

VOL. III. H 
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Treviranus* describes the *' organ, probably of hearing" of 
the Blatta arientalis, as consisting of an oval opening, situated 
immediately behind the insertion of the antenncB^ and covered 
with a convex white pellicle, and supposes it possible that the 
club-like antenna of the diurnal Lepidoptera contains an 
auditory apparatus. 

Ramdohrt presumes that the vesicles placed at the root of 
the maxillcBy in bees, have a similar function. 

Straus-Durckheim locates the seat of hearing in the foliated 
antenncB of the May-bug. 

Carus| considers it possible ^^ that the membrane, which, iti 
the Locusta viridissima^ unites the antenna with the head, and 
offers a tolerably extended surface, is a sort of membrana 
tympanty or membrane of a kind of fenestra vestibularis^ which 
the movements of the antennce may relax or render tense." 

De Blainville,§ finding certain apertures like stigmata in 
the posterior part of the head of Grasshoppers, supposes that 
they lead into a cavity which appears Xo him an auditory ap- 
paratus; and Carus admits the probability of this presumption, 
'* as deriving support from the evidence of analogous facts in 
the higher classes." But Duges found the ^' apertures" to be 
simply ^^ depressions ;" and he denies positively the existence 
of communicating traxihece and vesicles, and also of an acces* 
sory nervous expansion. 

L. W. Clarke II describes at the base of the antermcB of 



Carabus nemoralis, an auditory apparatus composed of an 
auricle, an internal and external auditory canal, a tympanum^ 
and a labyrinth.^ 

Newport** believes that the oMenwB serve as well for touch 
as hearing. 

Sieboldft opposes the opinion of Treviranus concerning the 
two white convex plates existing at the base of the ayiiemuB 
of Blatta orientalis^ and declares them to be simply rudi- 
mentary accessory eyes. The same author gives an account 
of an auditory apparatus belonging to the AcridicUe^ consisting 
of a tympanum^ and a membranous labyrinth supplied with 
an auditory nerve proceeding from the third thoracic ganglion. 

The LoaistidcB and Acketidce have similar organs situated 

* Cited in Traits Elem. d'Anat. comp. C. G. Cams, Paris, 1835. 

t Id^m. J Idem., loc. cit. 

$ Anat. comp. des Animaux artic. Paris, 1828. 

\ Magazine of Nat. Hist. 1838. 

it But of none of which, according to Siebold, is there the least trace. — 
[Ed.] 

*• Tnmsactions of Entom. Society, II. 

tt Nouveau Manuel d*Anatomie compart. Artio. par M. C. Th. V. 
Siebold. Paris, 1860. 
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in their anterior legs immediatelj below the coxo-tiblal arti- 
culation. These organs are composed of di fossa on each 
side, or of two, more or less capacious, cavities (auditory 
capsules) with orifices opening forwards ; and each having on 
the inner side an elongated oval tympanum; and the two 
tympana are in close contact with a dilatation of the large 
tracheal tube of the leg, whose upper extremity is in con- 
nexion with an acoustic nerve which derives its origin from 
the first thoracic ganglion. A neighbouring portion of the 
tracheal system he supposes to serve the purpose of a Eus- 
tachian tube. 

And finally, J. Miiller, as quoted by Carus,* regards as 
organs of hearing *^ two depressions or pits, in Gryllus 
hieroglyphictis^ situated, one on each side, of the metatkoraXy 
on the dorsal aspect, above the attachment of the last pair of 
legs upon and closed by a delicate membrane, behind which 
there exists a vesicle, filled with liquid, which receives a nerve 
from the third thoracic ganglion.*' 

While bearing in mind the difference between feeling a 
noise and perceiving a sonorous vibration^ we may safely assume 
with Cams — for a very great number of insects, at least — that 
whenever true auditory organs are developed in them, their 
seat is to be found in the neighbourhood of the antennce. 
That these parts themselves are, in some instances, concerned 
in collecting and transmitting sonorous vibrations, we hold as 
established by the observations we have made particularly 
upon Culex mosquito; while, we believe, as Newport has as- 
serted in general terms, that they serve also as tactile organs. 

The male mosquito differs considerably, as is well known, from 
the female; his body being smaller and of a darker colour, and 
his head furnished with antenncB and palpi in a state of greater 
development (Plate VI.. fig. I.) Notwithstanding the fitness 
of his organs for predatory purposes he is timid, seldom enter- 
ing dwellings or annoying man, but restricts himself to damp 
and foul places, especially sinks and privies. The female, on 
the other hand, gives greater extension to her flight, and, attack- 
ing our race, is the occasion of no inconsiderable disturbance 
and vexation during the summer and autumn months. 

The head of the male mosquito, about 0*67 mm. wide, is 
provided with lunate eyes, between which in front superiorly 
are found two pyriform capsules nearly touching each other, 
and having implanted into them the very remarkable antemuB. 

The capmle^ measuring about 0*21 mm., is composed of a 
homy substance, and is attached posteriorly by its pedicle, 
while anteriorly it resU upon a homy ring, united with its 

II 2 
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fellow bj a transverse fenestrated band, and to which it is 
joined bj a thin elastic membrane. Extemallj it has a rounded 
form, but internally it resembles a certain sort of lamp shade 
with a constriction near its middle ; and between this inner 
cup and outer globe there exists a space, except at the bottom 
or proximal end, where both are united. 

The antermce are of nearly equal length in the male and the 
female. 

In the male the antenna is about 1 * 75 mm. in length, and 
consists of fourteen joints, twelve short and nearly equal, and 
two long and equal, terminal ones, the latter measuring 
(together) • 70 mm. Each of the shorter joints has a fene- 
strated skeleton with an external investment, and terminates 
simply posteriorly, but is encircled anteriorly with about forty 
papillcBy upon which are implanted long and stiff hairs, the 
proximal sets being about 0*79 mm. and the distal ones 
0*70 mm. in length ; and it is beset with minute bristles in 
front of each whorl. 

The two last joints have each a whorl of about twenty short 
hairs near the base. 

In the female the joints are nearly equal, number but thirteen, 
and have each a whorl of about a dozen small hairs around 
the base. Here, as well as in the male, the parts of the on- 
tenn(B enjoy a limited motion upon each other, except the 
basal joint, which, being fixed, moves with the capsule upon 
which it is implanted. 

The sjxice between the inner and outer walls of the capsule, 
which we term confidently the auditory capsule, is filled with 
a fluid of moderate consistency, opalescent, and containing 
minute spherical corpuscles, and widch probably bears the 
same relation to the nerve as does tlie lymph in the scales of 
the cochlea of higher animals. The nejrve itself^ of the antenna, 
proceeds from the first or cerebral ganglion, advances towards 
the pedicle of the capsule in company with the large trachea 
which sends its ramifications throughout the entire apparatus, 
and, penetrating the pedicle, its filaments divide into two 
portions. The central threads continue forwards into the 
antenna and are lost there ; the peripheral ones, on the con- 
trary, radiate outwards in every direction, enter the capsular 
space, and are lodged for more than half their length in sulci 
wrought in the inner wall or cup of the capsule. 

In the female the disposition of parts is observed to be 
nearly the same, excepting that the capsule is smaller, and that 
the last distal antennal joint is rudimental. 

The prolioscis does not differ materially in the two sexes ; 
but the palpiy although consisting in both instances of the 
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same number of pieces, are very unlike. In the female they 
are extremely short, but in the male attain the len^h of 
2' 73 mm.; while the proboscis measures bat 2*16 mm. 
They are curved upwards at the extremity. 

If an organ of hearing, similar to that described by Trevir- 
anus as belonging to the Blatta orientalis^ exist in the head 
of the Mosquito, the tympanum must be of exquisitely minute 
proportions, because the head, which has a diameter of only 
0*67nmi., is almost entirely occupied by the corneal plaques^ 
the capsules, and the attachments of the neck and of the 
buccal apparatus. The membrana tympani must therefore 
be so small as to preclude the idea of its being put in vibra- 
tion by any sounds other than those infinitely more acute 
than are produced by the insect itself, and the use of such an 
organ for the purposes of inter-communication must be highly 
problematical. But no trace of such a disposition is to be 
found in the head, nor very certainly, also, in the body ; and 
we are obliged to look for some organ which may answer the 
requirements of an effective auditory apparatus. 

The position of the capsules strikes us as extremely favour- 
able for the performance of the function which we assign to 
them; besides which there present themselves in the same 
light the anatomical arrangement of the capsules, the disposi- 
tion and lodgment of the nerves, the fitness of the expanded 
whorls for receiving, and of the jointed antennae fixed by the 
immovable basal joint for transmitting vibrations created by 
sonorous modulations. The intra-capsular fluid is impressed 
by the shock, the expanded nerve appreciates the effect of the 
sound, and the animal may judge of the intensity, or distance, 
of the source of sound, by the quantity of the impression : of 
the pitch, or quality, by the consonance of particular whorls 
of the stiff hairs, according to their lengths ; and of the direc^ 
tion in which the modulations travel, by the manner in which 
they strike upon the antenncB, or may be made to meet either 
antenna, in consequence of an opposite movement of that part. 

That the male should be endowed with superior acuteness 
of the sense of hearing appears from the fact, that he must 
seek the female for sexual union either in the dim twilight, 
or in the dark night, when nothing save her sharp humming 
noise can serve him as a guide. The necessity for an equal 
perfection of hearing does not exist in the female ; and, 
accordingly, we find that the organs of the one attain to a 
development which the others never reach. In these views 
we believe ourselves to be borne out by direct experiment, 
in connexion with which we may allude to the greater diffi- 
culty of catching the male Mosquito. 
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In the cx>urse of our observations we have arrived at the 
conclusion, that the antemuE serve, to a considerable extent, 
as organs of touch in the female ; for the palpi are extremely 
short, while the antennae are very movable, and nearly equal 
the proboscis in length. In the fnaUy however, the length and 
perfect development of the palpi would lead us to look for the 
seat of the tactile sense elsewhere ; and, in fact, we find the 
two apical antennal joints to be long, movable, and com- 
paratively free from hairs ; and the relative motion of the 
remaining joints very much more limited. 



On ths NocTiLUCA Miliaris. By Woodham Webb, M.D., 

Lowestoft. 

Mr, Huxley's interesting paper in the last number of the 
Journal on the structure of the Noctiluca miliaris^ led me to 
review a few notes I had by me upon the subject, and to 
follow up certain points of inquiry which he indicated. 

Unfortunately, I am not able to complete the history of 
this anomalous creature, though it has been under continuous 
examination since last July. It may, however, be worth 
while to record the few steps made in advance of the existing 
accounts, in order to save other observers some labour, and to 
aerve as a sequel to Mr. Huxley *s more elaborate communi- 
cation. 

The extraordinary prevalence of this creature during the 
present season seems to have excited general attention, and it 
was stated by Mr. Byerly, of Liverpool, at the last meeting oi 
the British Association, that in consequence of their numbers 
the waters acquired a rose colour. This was not the case on 
the eastern coast, though the unusually brilliant iridescence 
of the water has been the subject of remark. From the month 
of July to the beginning of December, there has been no 
difficulty in obtaining an uninterrupted supply of specimens, 
and during that period the water has shown incessant alter- 
nations of luminosity and darkness. These conditions, there- 
fore, depend not merely upon the presence or absence of the 
animal, but on some peculiar conditions of its organs, or the 
media acting upon them. 

As a caution to those who may undertake the further exa- 
mination, I may state that the buoyancy of the Noctiluca is 
such as to bring it to the surface of tranquil water without 
any apparent effort ; and that the best way to effect its capture 
is, not as is most frequently done, to use the muslin net, by 
which means the greater number uf the creatures are lost or 
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destrojed, but to skim the top, and especially those parts 
near the sides of the vessel in which the water has been 
standing. If removed in this way and kept by themselves in 
a testp-tube, they may be preserved for two or three weeks 
without a fresh supply of water. Even at the end of that 
time, if they die, it does not appear to be from having reached 
the natural term of their existence, but as the result of some 
accidental cause ; they will not, however, bear carriage to any 
g^at distance in closed vessels. 

The following paragraphs refer to various matters, accord- 
ing to the order in which they occur in Mr. Huxley's paper. 

The groove or depression on the body is divided into two 
portions by a fold of the external membrane stretohing across 
between the protuberant and rounded masses which form its 
boundaries. It ends posteriorly in an acute angle, outlined 
by the bifurcation of a more superficial marking or channel. 
The stem of this forked structure is of a rigid horny nature, 
and is connected at the point of division with a reduplication 
of the internal membrane, or a prolongation of the central 
visceral mass. I have not been able at any time to detect an 
aperture at this spot, but there is some reason to believe there 
may be one. When the ruptured integument collapses, this 
straight spine may still be seen retaining its rigidity, and is 
liie centre about which the folds arrange themselves. 

The investing membrane distinctly consists of two layers. 
The external one is minutely reticulated, and has somewhat 
the appearance of pavement epithelium on a small scale. The 
interspaces contain granular matter. With this exception it 
is perfectly smooth, and I can find no trace of cilia. Illumi- 
nated by a parabolic condenser, the whole surface is seen 
studded with brilliant glittering points, apparently at the 
junction of the reticulations of the internal fibres with the 
integument. I have never been able to develope luminosity 
nnder the microscope. 

The internal layer is at all points in union with the whole 
system of reticulations spreading from the central organs. 
This was made manifest by the action of indigo. None of 
the colouring matter entered the body, but death ensued in 
about an hour's time. Irregular jerking movements took 
place, the oral aperture and part« about it became distorted, 
though the motions of the cilium and tentacle still continued. 
The internal fibrous reticulations gradually contracted, drawing 
the '^ vacuoles" together, and with them the inner membrane. 
This was detached without rupture, but after a time fell into 
folds, which so included the other structures as to have the 
look of a wrinkled tube with a series of pouches ending in a 
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arger membranous sac. The external layer distended by 
degrees till it suddenly burst. I should mention that a new 
supply of water had been g^ven before most of these changes 
happened. I have also been successful in separating the two 
layers mechanically, by means of pressure slowly and steadily 
applied to the animal under the screw compressor. The whole 
internal network of fibrous tissue, with the manner in which 
it invests the so-called *^ vacuoles," is most beautifully demon- 
strated by the effect of iodine. The creature dies suddenly 
without collapsing. The progress of the fluid can be traced 
along the fibres into the minutest meshes ; and there remains 
for a long time a transparent ball, traversed in every direction 
by the brown fibres, beaded with the vacuoles and granules, 
and having every reticulation on the surface sharply defined. 
I am inclined to regard the tentacle as tubular, with an 
orifice on the inner side at its base. At any rate, I have seen 
the colour, when iodine has been used, proceed slowly towards 
the distal extremity ; and under the influence of indigo poi- 
soning, the granular matter of which the striation consists, 
has been disarranged, scattered up and down the interior of 
the organ, and in the end has aggregated together in small 
globules without much impairing the power of motion. I 
recognize no trace of striation in the external membrane ; and 
when seen in the normal condition by transmitted light, there 
is always a clear substance surrounding the dark centre. This 
gives the impression of being made up of a series of discs or 
rings. The tentacle is extremely brittle, and breaks with a short 
fracture. I have never perceived any tendency to restoration 
of the lost part, nor any independent movement in the de- 
tached fragment. The stump continues active, and readily 
comes off at the base. The point is a little flattened. When 
the animal is killed in such a manner that this organ has free 
play, it always shows a disposition to coil up spirally. The 
cilium may be found in every instance in which it is looked 
for with a quarter-inch glass,* or even with the half-inch, pro- 
vided the creature is left at perfect liberty, and is made to 
move, if not in the right position. It often remains at rest 
for some time, and then from above looks like a small bright 
spot at the base of the " tooth ;" or it may occasionally be 
seen extended over the S-shaped ridge, or even the base of 
the tentacle. I have many times detected it in motion from 
behind through the intervening substance of the body ; and 
have noticed it vibrating vigorously long after rupture of the 
integument and partial discharge of the contents. A Chara 

* I use a quarter-inch glass of Pillischer's, or a l-5th of Smith and 
Beck's make. 
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trough or shallow concave cell is most convenient for obser- 
vations on this part, as the animal swims close to the under 
surface of the thin glass, and may be made to turn in any 
direction* 

The ridge and tooth can scarcely be overlooked. This 
ridge is of fibrous structure, and may sometimes be observed 
in regular contractile action. Corresponding with these con* 
tractions, I have witnessed a to-and-fro motion of the tooth, 
as though working on an axis, in a direction towards the base 
of the tentacle. A good illustration of this performance is 
given by bending the fore and middle fingers and flexing 
them on the palm of the hand. The tooth when seen in profile 
has the appearance of a conical papilla (Plate VI., fig. 6), 
or with a slight change in the fK)int of view, of a hooked 
process terminating in a sharp nib (figs. 8, 9). It readily 
yields to pressure, and I have seen it become shrivelled up 
from the use of astringents, before motion ceased in the ciliom 
and tentacle. 

The " vacuoles" are alimentary sacs. When empty, they 
are usually contracted and grouped near the membranous tube 
which leads from the oral aperture, a few only being scattered 
among the internal reticulations. Their situation is constantly 
changing, sometimes with a steady advance, at others by jerks ; 
while ;the fibrous meshes with which they are connected 
undergo a relative alteration in shape. Gentle pressure will 
occasionally expel them through the oral or anal aperture ; 
but I have seen them spontaneously ejected without rupture, 
and float away from the body. In one instance where this 
occurred, and where the contents consisted of granular matter, 
fragments of Diatomacese, and particles of sand, the sac re- 
mained entire for some time. When it burst, the membrane 
doubled up, the contents escaped, and the bits of silica were 
characteristically shown with the polariscope. I have never 
known these gastric pouches, or alimentary substances to be 
voided by any other outlet than those connected with the 
central depression. 

The position of the second aperture, or anus^ communica- 
ting with the gastric pouch, appears to me to be at the pos- 
terior end of this depression, on the side opposite to the 
tooth, and somewhat further back (fig. 7). 

The mode of reproduction is at present far from being 
satisfactorily made out I have never met with a double in- 
dividual, but on one occasion witnessed the process of division, 
without, however, noting any proof of its connection with 
that of fissiparous multiplication. Contractions of the in- 
tegument took place in such a way as to cut off a globular 
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mass from the body, about one-fourth of the whole. The two 
portions afterwards retained their form with a puckered mark 
at the point of separation. The nucleus was not involved in 
this operation, which occupied about two hours. 

It is also a matter of eveiy-day observation, that when the 
body has been torn and nearly all the contents have been lost, 
the animal continues to live in a deformed state, if the nucleus 
and central parts are left together. They acquire a new in- 
vestment, or a portion of the original integument gathers up 
round them, while the ragged shreds are cast off. 

When several of these creatures have been kept for some 
time in still water, it is not unusual to find two of them in 
apposition ; but I have never discovered any indicati<ms of 
conjunction, and look upon the condition as one of mere 
adhesion. It may, however, have given rise to the m^ition 
of double individuals, as the adhesion is tolerably firm. It 
may easily be broken up without injury to either animal. 

The nucleus may be demonstrated as a nucleated vesicle, 
sometimes solitary, more frequently with several similar, but 
smaller nucleated vesicles grouped around it By careful 
manipulation it may be removed from the other structures. 
As it floats about, the true form is displayed. Seen in one 
position, you have a view of a round vesicle with a smaller 
vesicle attached to it by a sort of hour-glass contraction ; in 
another, of a round vesicle with a central spot, a nucleated 
cell. 

I have found the nucleus enclosed in a second membranous 
envelope, with a granular yelk-like fluid, which could be seen 
pouring out when the membrane gave way (fig. 10). 

Beyond this point I have not been able to trace the nucleus. 



On the Nature of the Torbanehill and other Varieties of 
, Coal. By Peter Redfem, M.D., Lond., Lecturer on An- 
atomy and Physiology, and on Histology, in the University 
of Aberdeen. 

(Read at the Meeting of the British Association for the Adyanoement 

of Science at Liverpool, 1864.) 

The substances to which I intend to allude in the following 
paper, under the name of coal, are such as, hwwn commonly as 
coaly consist of compressed and chemically altered v^etaMe 
mattery associated with more or less of earthy substancesy and 
capable cf being used as fuel. 

Though I shall confine myself chiefly to the structural cha- 
racters whidi coals present, I shall refer briefly to their chief 
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geological and chemical relations ; for it is my firm conviction, 
that if the geological, chemical, and microscopical characters 
of such substances do not mutually illustrate and confirm 
each other, the truth has not been arrived at 

It is my chief object to bring forward a number of facts, 
which I have arrived at after a prolonged investigation, and 
to detail the method which I have followed in such a way as 
to enable every reader to repeat my observations, and either 
to confirm or disprove them. 

I have taken the greatest care to obtain authentic speci- 
mens, if possible, from different sources, and I have examined 
none of the perfect authenticity of which I had not the most 
certain evidence. I have carefully examined complete eeo 
tions of the beds of coal of most importance in the inquiry* 
I have broken up these masses, and examined the beds with 
the naked eye from top is bottom. In the case of the Tor- 
banehill coal I have made thin sections horizontally, and in 
two directions vertically, at distances of a few inches through 
the thickness of the bed, to determine the structure of the 
whole ; and I have likewise examined the coals when reduced 
to powder and coke. I have examined upwards of 200 sec- 
tions, and other microscopical preparations of difierent coals, 
of which 180 were prepared by my own hand from speci- 
mens, the perfect authenticity of which I can easily prove. 
In the whole examination I have endeavoured to make out 
every fact as it presented itself, and to adopt no explanation 
not consistent with the whole, and with the evidence derived 
from every means of observation. Yet I have no wish that 
anything which I may advance should be taken for granted. 
I am prepared to prove every statement of facts by the pre- 
parations on which my observations were made. 

The Torbanehill coieJ, which has recently excited so much 
attention, owing to the well-known jury trial, Gillespie v. 
Russel, is found in the coal-measures of the lands of Tor- 
banehill, in the parish of Bathgate^ county Linlithgow. It 
forms a bed, varying in thickness from 1 foot 4 inches to 
1 foot 11 inches, becoming darker in colour, coarser in tex- 
ture, and less valuable as a gas coal, at Bathvale, on the west 
of the lands of Boghead ; and very much coarser, and less 
valuable still, at Barbacblaw, about half a mile to the north- 
west of Boghead, where the seam is worked by the Monk- 
land^s Iron Company. 

The position of the bed does not difier from that of a bed 
of coal. It has a thin layer of cement-stone immediately 
above it, varying in thickness from half an inch to two inches. 
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Above that is a bed of shale, varying in thickness up to 
four feet Immediately below the bed is a stratum of 
fire-clay, with occasional ironstone-balls, about two inches 
thick, and very full of the impressions of plants. Under that 
is a layer of good bright-looking coal of six inches in thick- 
ness. Occasionally a thin layer of common coal runs through 
the cannel, and is variable in thickness. It appears, there- 
fore, that the bed is in a similar geological position to that of 
other cannel coals. 

In working the coal, it is got in rhomboidal blocks, ex- 
tending through the whole thickness of the seam, and mea- 
suring from six to sixteen inches in breadth, and from five to 
fifteen in depth (back). The fracture perpendicular to the 
plane of stratification is conchoidal, that parallel to the same 
plane is slaty. The colour is of a light brown, and the streak 
yellow and dull in the upper part%f the seam ; in the lower 
part the colour is, in many specimens, as dark and lustrous as 
that of many other cannels, and the streak varies in a like 
proportion. 

When viewed chemically (I now quote from the evidence 
of Dr. George Wilson, one of the pursuer's witnesses at the 
late jury trial), '^ There is no ingredient in common coal that 
is not at all present in the Torbane mineral. There is no 
ingredient in Torbane mineral that is entirely absent from all 
known coals.'' 

But there are some chemical peculiarities. The quantity 
of earthy matter is large, 1 8 per cent ; but many well-known 
coals contain a still larger quantity. The fixed carbon is 
small in quantity, but analyses of other coals have shown less ; 
and the total carbon is quite equal to that in other cannel 
coals — 65^ per cent. (Hoffman and Stenhouse). The hydro* 
gen is in very large quantity (J^ to 9 per cent), but even in 
this particular the Methill coal approaches very closely ; for 
Professor Anderson found 7*54 per cent in it. 

The following tables, copied from a paper by my esteemed 
friend Dr. Fyfe, published by the Royal Scottish Society of 
Arts, will be found of great value in comparing the Torbane- 
hill with other coals, x o the whole of that paper I may refer 
as a statement of a mass of facts, unquestionably proving that 
the Torbanehill mineral is similar in every chemical relation 
to other coals. 

On this table Dr. Fyfe remarks : " That the proportion of 
volatile matter of the coals varies from about 37 to nearly 67 
per cent ^ of course the coke varies from about 33 to 63. The 
proportion of fixed carbon and of ash in the coke also varies ; 
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the former being from about 18 to 52, the ash from 3*6 to 
28-5." 

Tabls of the ProportioDB of Volatile Matter, of Coke, of Fixed Carbon, 
and of Ash, in 100 parts of different Coals, and in the Torhane Mineral. 



Coals. 

e. canneL. 
h. hooaetwld. 


Speeifle 
Gmvity. 


In 100 puts of 
Coftl. 


Coke. 


In 100 parts of 
Coke. 


VoUtile 
Matter. 


Coke. 


Carbon. 


Ash. 


Carbon. 


Asfa. 


Wigan, Ince Hall . 


c. 


1255 


37'6 


62-4 


66-0 


6-4 


89-7 


10»3 


** 9» 


c. 


• • 


37-7 


62-3 


50-5 


11-8 


81-0 


190 


Torbane household 


• 


• • 


38*3 


61-7 


52*5 


9-2 


85-0 


15-0 


Kinneil. . • . 


c. 


• • 


44-4 


55-6 


44-4 


11-2 


80-0 


20-0 


Donibristle . • 


c 


1237 


46'5 


63-5 


49-2 


4-3 


92-0 


8-0 


Ca^ledrae (2nd) . 
Knightswood . • 


c 


1310 


47'2 


52*8 


24*3 


28-5 


46-0 


54-0 


c. 


• • 


47-5 


52*5 


48«5 


4-0 


92-4 


7-6 


Balbardie . • • 


h. 


• • 


43*6 


56*4 


29*8 


26-6 


52-8 


47-2 


Lochgellie • . • 


c. 


• • 


50-4 


49*6 


36'2 


13-4 


73-0 


27-0 


'. Disco Island . • 


h. 


1384 


50*6 


49'4 


39'6 


9-8 


80-0 


20-0 


Monkland . • • 


c. 


• • 


54-2 


45*8 


39-5 


6-3 


86-2 


13*8 


Lesmahago . . 


c. 


• • 


57-4 


42«6 


39-0 


3-6 


91-5 


8 5 


»» • • 


c. 


• • 


58*3 


41 7 


36-3 


6-4 


84-6 


15-4 


Methill. . . . 


c. 


• • 


59 


41-0 


18-5 


22-5 


45-0 


550 


Gapledrae (Ist) . 


c. 


1238 


59-1 


40-9 


83-2 


7-7 


18-8 


81-2 


Wemyss . . . 


c. 


• • 


66*6 


33-4 


21*9 


11-6 


65-5 


34-5 


Torbane . . • 


c. 


• • 


66-9 


33' 1 


16-6 


17-5 


47*1 


52*9 


w • • • 


c. 


■ • 


68-1 


31-9 


14*5 


17-4 


45-4 


54-6 


„ • • • 


c. 


• • 


68-4 


31-6 


8*6 


23-0 


27-2 


72-8 


,, • • • 


c. 


• ■ 


69*0 


31-0 


9-3 


21-7 


30-0 


70-0 


„ • • • 


c. 


• • 


69-8 


30*2 


13' 1 


17-1 


43-3 


66-7 


»> • • • 


c. 


• • 


69-8 


30*2 


6-6 


23*2 


29-8 


70-2 


»» • • • 


c. 

• 


• • 


70*1 


29-1 


16-3 


12*8 


56-0 


44-0 


„ average . 


1199 


68*8 


31-2 


11-9 


183 


38-4 


61-6 


Tree in Torbane . 


• 


• • 


68-8 


31-2 


10-8 


26-4 


34-6 


65-4 



'* The average per-centage of these ingredients in Torbane 
mineral is 69 of volatile matter, 31 of coke, 12 of fixed car^ 
bon, and 18 of ash. It does not, therefore, differ from coals 
excepting in two particulars : viz., that it yields more gaseous 
products and less fixed carbon. But even in these the differ- 
ence is very trifling; being only about 2*4 per cent, more 
than that of the former from Wemyss' coal, and 8-5 less of 
the latter than from Methill coal : indeed, some of the samples 
of Torbane contain only 2 per cent. less. The per-centage of 
ash in some of the samples is less than in several of the coals ; 
and the average quantity is not so great as that of Methill 
and Capledrae." 
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Tablk showing the ayerage proportion of the different (ultimate) ingre- 

dients of Coal and of Torbane Mineral. 



Goals. 


Gu-bon. 


HydMgen. 


Oxygvn. 


Nitrogen. 


Sulphur. 


Adi. 


Scotch .... 


80*72 


6«1 


8*45 


1-32 


1-25 


2*16 


Welsh . . . 






81*44 


5*01 


7*36 


0*83 


1*66 


3*8 


Newcaftle . 






84*3 


5-86 


6-37 


1-28 


0*68 


1*61 


Derbyshire 






79«65 


4-96 


10*17 


1*48 


1-07 


2 69 


Lancashire 






76-53 


4*95 


11*52 


1*22 


1*21 


4*51 


Foreign . . 






65*82 


3-56 


7*17 


1-3 


1*05 


21-1 


Gapledrae . . 






56*77 


6*79 


8*79 


1*9 


0-35 


25-4 


Torbane • . . 




60*25 


8-86 


3*62 


1-53 


0*13 


25 6 



Dr. Fyfe says, *^ The Torbane mineral, in a chemical point 
of view, resembles coal. It has in it all the component parts 
of coal, and in nearly the same proportions as in some of 
them. It does not omtain anything that is not found in coals. 
It yields the same products by distillation, at different tem- 
peratures ; such as gas for illumination, tar, and ammoniacal 
liquor, benzole, naphtha, naphthaline, pitch oil, paraffine oil, 
and paraffine. I have shown also that it differs materially 
from asphalt, and from shales, and bituminous shales, in con- 
taining almost no bitumen.'' 

So chemistry points out that the Torbanehill coal is made 
up of the same substances as compose other coals, and that 
such proportions of these individual substances as exist in it 
are also found in other coals. Further, its chemical compo- 
sition points clearly to its formation from the organic king- 
dom of nature. 

When a thin piece of this coal is lighted at a flame it 
bums like a candle, hence such coals have been called candle 
or cannel coals ; when a piece is thrown on the fire it crackles 
in splitting to pieces, and for that reason it and such like 
coals are eeilled parrot coals. 

Structure of the blocks in which the coal is found naturally 
Ofid solid. They are very tough, elastic, and difficult to break, 
unless they are struck on their sides with a sharp-edged ham- 
mer, or with a knife and hammer ; the blocks then split into 
thin layers with gjeat ease. I have split 16-inch blocks in 
this way into 16 layers of one inch in thickness, without 
breaking more than one of them. Yet not one entire piece 
can be split off in the vertical direction by any means what- 
ever. If the hammer be applied perpendicularly to the sur- 
face of the bed, the fracture produced is conchoidal. 

One great fact has thus been arrived at : the whole bed of 
Torbanehill coal is laminated. I think the importance of this 
fact has not yet been thoroughly understood. 
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• In every part of the coal verj evident fossil plants are 
found. Some are in the shape of large trunks of trees, fluted 
vertically on the surface, and one to two feet in diameter. 
The most numerous are Stigmariae, of various sizes, flattened, 
and sending off abundant rootlets into the mass. I do not 
believe that a single fractured surface can be shown which 
does not present portions of fossil plants, and these are in 
every respect similar to those found in other coals, but far 
more numerous than they. 

Every fractured surface likewise shows a number of an- 
gular, flattened facets, on different planes from that of the 
general surface of the fracture. These occur everywhere in 
the bed. Not a cubic inch of the coal can be got without 
them ; they, too, are impressions or portions of fossil plants. 
When examined with a pocket-lens, or a low power of the 
microscope, these surfaces, and the larger surfaces of the more 
obvious fossils, present similar appearances, and show, over 
spaces not unfrequently of many inches in extent, the scalari- 
form tissue so abundant in ferns, or some closely allied vege- 
table tissue. The vessels of this tissue present themselves 
on their sides, and in various oblique and transverse sections 
in the different parts. 

If it be borne in mind that a very large portion of the whole 
bed of coal is made up of such easily recognisable vegetable 
structures, and that 65i^ per cent of the mass is carbon, I think 
but little difficulty will be experienced in arriving at the con- 
clusion that it owes its origin almost entirely to the vegetable 
kingdom. 

Before leaving these fossils, it is to be carefully noticed 
that it is only when the fracture has exposed them in a par- 
ticular way that they are thus distinguished from the mass in 
which they are imbedded. For the most part, the appear^ 
ances they present on any but their natural surfaces are exactly 
those presented by the mass. When a fossil stem is carefully 
separated from the coal, and its surfaces are recognised as 
natural faces presented by the plant, one is surprised to find 
that the structure of thin sections made through it does not 
differ from that of thin sections of the whole bed^ except 
where scalariform vessels appear. Now, there is no ground 
for the belief that there ever was a plant containing scalari- 
form vessels, of which the greater part was not composed of 
a softer and cellular mass ; and there is just as little reason 
for supposing that, where the shape of a plant and its scalari- 
form vessels have been so perfectly preserved, there would be 
no trace of its other structures. So, when it is shown that, 
there is a very remarkable arrangement of the parts of these 
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fossilsy and that the same arrangement, in all its essential fea- 
tureSy exists in all of them and in the substance in which they 
are imbedded, I think that good, if not altogether conclu- 
sive, evidence is offered, that the bed of coal which contains 
fossil vegetables, and has everywhere the same essential cha- 
racters of structure and chemical composition as those fossils, 
is itself a bed of vegetable matter. 

Let us now pass from these general observations to more 
special ones, less easily made and understood. Cut a small 
block of coal from the Torbanehill bed, say of one inch long, 
two-thirds of an inch wide, and half an inch thick, so that its 
upper and lower surfaces shall be exactly parallel to the sur- 
faces of the whole seam ; polish its faces, and having coated 
them with varnish, or covered them in turn with a drop of oil, 
examine them with magnifying powers from 5 to 100 diameters 
as opaque objects. The upper and lower surfaces of such a 
block are alike, and the sides and ends are alike, but widely 
different in appearance from the upper and lower surfaces. 

The top and bottom of the block are studded with more or 
less rounded yellow spots, closely set in a darker mass ; %he 
sides and ends present a number of elongated yellow spots 
in a darker mass. Such appearances are presented by the 
surfaces of all such blocks, from whatever parts of the bed of 
coal they may have been taken ; but they are least obvious in 
the upper part of the seam, and are more easily recognised 
the lower the part examined. These appearances I believe 
to be produced by rounded yellow masses, flattened above and 
below. 

There are also to be seen on all such blocks irregularly 
elongated and angular black patches, and branching black 
lines, which run in various directions on the upper and lower 
surfaces, but for the most part in the direction iu which the 
coal splits on the sides and ends. Near the top of the seam, 
crystals are seen scattered on all the surfaces of the blocks. 

The appearances presented by the surfaces of small blocks, 
I think, have been mistaken in the case of other coals for 
evidence of their consisting of woody tissue, whereas they are 
merely the result of the laminar aggregation of the structures 
of which beds of coal are formed. 

Let us for a moment examine the differences presented by 
a block of wood and one of coal. ' If we take such a block as 
that of which I have spoken from the trunk of a tree, so that 
its upper surface would look towards the branches, and the 
lower towards the root, these surfaces will present us with a 
number of rounded openings and rings, which are the cut ex- 
tremities of the vertical fibres and vessels of which the wood 
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is made up ; whilst the sides and ends of the block will be 
striated verticallyy because they show the sides of the fibres 
and vessels, which have been separated from each other in 
their course. 

The block of coal presents rounded jellow spots above and 
below, and horizontally striated sides and ends. Now, there 
is this wide difference between the wood and coal — that wood 
is composed of a multitude of fibres and vessels, arranged 
vertically in a tree, and therefore cut across by a horizontal 
section, and separated from each other so as to produce a ver- 
tical striation on every vertical section, make it where you 
may. Coal, on the other hand, consists of a multitude of 
thin laminae, applied upon each other like the leaves of a 
book. These laminae are made up of rounded yellow bodies, 
flattened above and below, imbedded in a darker mass, and so 
on every horizontal section these bodies are separated as one 
would lift off the coins of a pile from each other ; whilst a 
vertical section passes through them as such a section would 
through the pile of coin. 

There is, therefore, as much resemblance between a block 
of coal and one of wood as there is between a substance com* 
posed of a series of laminae, and another made up of a number 
of fibres closely packed together. 

We now turn to the appearances of thin sections of the Tor-- 
banehill coal, when examined by high powers of the micro- 
scope. 

I think it will be obvious, from what has been said, that 
the nature of any substance which can be examined by sec- 
tions may be made out if such sections are made horizontally 
at different depths, and vertically in several directions, so that 
the planes of these vertical sections are at various angles to 
each other. Or, if we cut sections from the top or bottom, 
and from the side and end of such small blocks as those be- 
fore named, these will enable us to judge of the nature of the 
structures of which the mass is composed. 

Pieces of coal may be split horizontally from a block with a 
loiife and hanyner with great ease for making thin horizontal 
sections ; but, for vertical sections, a saw or the diamond- 
wheel of the lapidary must be made use of. All sections of 
the Torbanehill cannel may be ground sufficiently thin by the 
hand without being cemented to a slip of glass in the ordinary 
way. This plan is far more satisfactory in its results than 
any other I have tried, and is much less likely to lead to error, 
from destruction of tissue or obliteration of it by the materials 
used in making the sections. I have 26 sections, horizontal 
and vertical, which I prepared in this way from the same 

VOL. IIL I 
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block of coal. To ensure accuracy, I made sections in three 
places, at different depths, in half an inch of cemeni-stone at 
the top ; and others in the coal, at distances of 2, 4, 6, 10, and 
16 inches from the top of the seam. The results were pre- 
cisely similar to those which I obtained from sections prepared 
from numerous other blocks of the coal obtained from a great 
variety of sources. At each part of a bed of coal examined 
I have made at least three thin sections, and distinguished 
these from each other by the letters H. S., for horizontal sec- 
tions ; V. S. a., for vertical sections taken from the side of a 
small block ; and V. S. b., for vertical sections cut from the 
ends of such blocks. Having bestowed the greatest care in 
the investigation, from beginning to end, I feel assured that 
other observers will corroborate my facts and the correctness 
of my drawings, from which the accompanying plates have 
been executed, however different their conclusions may be 

from my owa 

Horiaontal sections taken from all parts of the Torbanehill 
coal, except about the upper two inches, show : — 

1st. A number of irregularly rounded spots of a lemon- 
yellow colour, varying in diameter from about l-250th to 
1 -800th of an inch, and bounded by dark* brown matter, which 
separates them from each other (Plate VII., fig. 8), or from, 
2nd, smaller yellow patches, of a distinctly angular and poly- 
gonal shape, having a very uniform diameter of 1-1 500th of 
an inch, and a dark-biown outline, which in many places is 
distinctly double. 

Vertical sections show these yellow spots elongated, mea^ 
suring about l-300th to 1-1 200th of an inch horizontally, or 
in the direction of the laminse of bedding, and from l-500th 
to 1-1 900th of an inch perpendicularly to these laminae and 
the whole bed (Plate VIL, fig. 4). In whatever direction a ver- 
tical section is made, the appearances which it presents are 
the same. In every one there is a general horizontal striation ; 
t. e.f having its striae parallel to the lamins of bedding. In 
horizontal sections there is no striation whatever. 

Here are two points of such primary importance in the in- 
quiry into the real nature of the Torbanehill and other coals, 
that I cannot do them sufficient justice without a slight 
digression from the preceding account of the appearances of 
sections. 

1 have before stated that a small block of coal with six 
surfaces presents two appearances when examined as an 
opaque object : one on its upper and lower surfaces, and the 
other on its sides and ends. One appearance is that of a 
number of rounded yellow spots in a black mass ; the other, 
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that of a number of elongated yellow spots, bo close together 
in the same mass that the black matter between them forms 
black striae parallel to the laminae of bedding. I have now 
shown that thin horizontal and vertical sections of the coal 
differ in the same manner and degree : horizontal sections 
showing rounded yellow spots with dark-brown boundaries ; 
and vertical sections, elongated yellow spots with dark-brown 
boundaries, like dark striee running in the direction of the 
laminse of bedding of the coal 

I stated at the outset that the coal will split with great ease 
horizontally, but in no other direction. I would now point to 
such vertical sections of coals as have been prepared without 
having been cemented to the glass slide, for the most positive 
proof that all such sections break up with great ease in the 
direction of the striae parallel to the laminae of bedding, whilst 
such a tendency to split is never observed in horizontal 
sections. 

I explain the tendency to split, which exists in all vertical 
sections but never in horizontal ones, by the wide differences 
in the microscopical characters of such sections ; and I think 
it need scarcely be observed, that the characters presented by 
the whole bed of coal, by small blocks when examined by low 
powers of the microscope as opaque objects, and by thin 
sections examined by high powers, mutually illustrate and 
explain each other. 

The only professedly complete account of the structure oi 
the Torbanehill as compared with other coals was given about 
nine or ten months ago, in a paper read before the Micro> 
scopical Society of London, and published in the last volume 
of its Transactions. This paper, it is stated, was founded on 
an examination of sections of most of the well-known varieties 
of British coal, and supported by drawings and an extensive 
series of preparations. Its conclusions, moreover, appear to 
have receiveid the assent of the Society; for the President 
stated in his published address that '* the paper clearly de- 
monstrates the presence, not merely of the remains of plants, 
but of a peculiar woody structure in every description of coal, 
and the absence of this peculiar structure in the mineral in 
questioa" 

There appear to be two very important statements in that 
paper, on which its conclusions are founded :- — 1st. That in 
the Torbanehill coal there is '*no difference in structure 
whichever way the section is made ;" and, 2nd, that a cubical 
fragment of coal '^ on four of its six sides, in certain lights, 
will exhibit a fibrous appearance, like a longitudinal section 
of wood ;" again, that '^ transverse and longitudinal sections" 

I 2 
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of coal " are totally different, but both agreeing with cor- 
responding sections of wood." 

First, the Torbanehill coal shows " no difference in struc- 
ture whichever way the section is made." My conclusion is 
exactly the reverse: — ^That there is always a remarkable dif- 
ference in horizontal and vertical sections of Torbanehill coal ; 
and to this I add, that that difference is of the same kind as 
the difference which exists between horizontal and vertical 
sections of other coals. 

In evidence of the correctness of my observation I refer, 
1st, to the illustrations accompanying this paper ; 2nd, to 
confirmatory photographic representations of different sections 
which I exhibited at the last meeting of the British Associa- 
tion ; 3rd, to all horizontal and vertical sections prepared in 
the way I have directed, as they all show a very marked 
difference even to the naked eye ; and, 4thly, to the fact that 
the Torbanehill coal will only split in one direction ; in it- 
self furnishing undeniable evidence of there being some 
difference in the arrangement of the structure in different 
directions. 

Second, a cubical fragment of coal ^^ on four of its six sides, 
in certain lights, will exhibit a fibrous appearance, like a 
longitudinal section of wood ;*' and " transverse and longitu- 
dinal sections" of coal " are totally different, but both agreeing 
with corresponding sections of wood." My conclusion is, that 
a cubical fragment of coal on four of its six sides exhibits a 
striated appearance altogether unlike that presented by a 
cubical fragment of wood, and produced by the laminar 
aggregation of the structures of the coal. To support my 
conclusion, I simply draw attention to the fact, that if I cut 
a piece of wood across the direction of the striae on one of its 
surfaces I see a number of rings, which are the cut ends of 
the woody fibres and vessels ; but if I cut a piece of coal in 
the same way, I only find other striae produced by its laminae, 
as if I were to cut in various directions across the leaves of a 
book. Again, it is stated '* that transverse and longitudinal 
sections" of coal " are totally different, but both agreeing 
with corresponding sections of wood." I conclude that, 
though horizontal and vertical sections of coal differ, both are 
also entirely and essentially different from corresponding sec- 
tions of wood ; for, whilst all vertical sections of coal present 
the same horizontally-striated appearance, corresponding sec- 
tions of wood present striae arranged vertically. If we cut 
across the striae of wood we see the ends of its fibres and 
vessels ; but when sections are made across the direction of 
the striae of coal, other striae appear ; for the simple reason 
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that the striae of wood are produced bj fibres and vessels, but 
the striae of coal are due to its formation of laminae. 

We now return to our examination of the appearances of 
thin sections of Torbanehill coal : — 

Many of the larger jellow spots of horizontal sections 
(Plate VII., fig. 1) are lobed, as if compounded of three or more 
smaller spots joined together. In the greater number of these, 
more or less distinct double lines, which radiate from the 
centre of the spots, divide them into a number of polygonal 
spaces, more highly coloured than the spaces between the 
double lines, and often presenting at some part a still darker 
spot in each. This delicate division of the yellow matter 
into polygonal masses is most obvious when preparations are 
preserved in Canada balsam, and almost entirely disappears 
when sections are preserved and examined in fluid. A similar 
radiate striation exists in the corresponding reddish-yellow 
bodies of the Wemyss coal (Plate VII., figs. 5 and 6). But it 
happens very commonly that the dark-brown matter of the 
boundary of these spaces stretches into them for some distance 
in lines at times reaching to their centres, where there are 
other dark-brown lines arranged in a radiate (often a tri- 
radiate) manner. These lines are quite permanent in whatever 
medium the sections may be examined. 

The action of heat offers great assistance in the determina- 
tion of the nature of the yellow spots. It dissipates the whole 
of the yellow colour, and leaves angular and polygonal open- 
ings in the thin section, bounded by the dark-brown matter, 
which it has slightly blackened (Plate IX., fig. 2). It can now 
be determined, even upon a single section, that the boundaries 
of the yellow matter form definite walls for all the smaller 
spaces, for where the section has passed directly through the 
wall, this is shown by a broad, sharp, black line ; but where 
it has cut the yellow mass near its upper or lower wall, there 
is a shading from the edge of the spot towards its centre, as 
would be the case if the boundary were formed of vegetable 
membrane. But further, in such yellow spots as present no 
very clear indication of the existence of membranous septa in 
their interior, heat often renders the existence of such septa 
as obvious as in other parts. A yellow spot is shown in 
fig. 2, from half of which the yellow matter has been entirely 
driven off, whilst it remains in the other half. In the half 
least acted on by the heat, this agent has blackened septa 
which before were scarcely visible ; and, in the other half, such 
septa are seen to form the boundaries of spaces of a regularly 
angular and polygonal shape, and of the same size as. those 
which constitute the smaller yellow patches of fig. 3, Plate VXI, 
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The appearance of the sections to which heat has been 
applied is quite sufficient to determine the fac^ that the gas- 
giving power of this coal depends upon the yellow matter, the 
amount of which is indicate generally by the light coloor of 
the coal. No coal is so yellow as this in thin sections, and 
there is none which approaches it in gas-giving power. 
Torbanehill coal produces 15,000 cubic feet of gas per ton, 
and the best of the other known coals will not yield more than 
12,000 cubic feet per ton. It may be suggested, that the dark 
boundaries of the spaces from which the yellow matter has 
been driven off by heat consist of earthy matter ; but I think 
no one would arrive at that conclusion who had tested their 
strength by pressure and friction between two glasses when 
the preparation was immersed in viscid balsam. I do not 
doubt that the earthy matter has been left by the heat with 
the free carbon of the texture, and I think the absence of all 
crystalline or other obvious earthy particles in the middle 
and lower portions of the seam sufficient proof that the 
18 per cent, of earthy matter which chemistry proves to be 
present in the coal has got there in a state of solution, or of 
fine molecular subdivision. 

Now, what conclusions can be drawn from these facts as to 
the nature of the yellow spots ? They are more or less circular, 
flattened, solid bodies, containing a large portion of the gas- 
giving substance of the coal, and bounded by vegetable fibres 
and membranes often in a fragmentary state. Heat drives off 
their yellow matter in the shape of gas, and shows in their 
very substance polygonal cavities with definite walls, where, 
without heat, such cavities and septa could not have been 
supposed to exist. I cannot explain the nature of these bodies 
otherwise than by supposing them to have had their origin in 
a mass of vegetable cells and tissues which have been disin- 
tegrated and otherwise changed by maceration, pressure, and 
chemical action, and subsequently solidified. Moreover, 
exactly similar bpdies make up a large portion of cannel 
coals generally. I would especially refer to the Wemyss, 
Methill, Capledrae, and Rochsoles coals. Of these the Wemyss 
coal is especially remarkable in showing the radiate striation 
of the yellow masses of the Torbanehill coal ; and, if I am 
not greatly mistaken, it demonstrates a clear relation between 
the yellow bodies just named, and the dark rings of horizontal 
sections of Lesmahago, Kinneil, Lochgelly, Wigan, and other 
cannels, which have been described as transverse sections of 
vessels or fibres. 

But there are smaller and more regular yellow spaces, 
having far more definite .walls, sometimes double (Plate VII., 
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fig. 3). These are found in every pari of the coal, in greater 
or less number, and they occur also in patches in the cement- 
stone covering it. The^ are almost exactly of the same size 
as the polygonal spaces shown in Plate IX , fig. 2, to illustrate 
the action of heat. I can conceive no other interpretation of 
these spaces than that they are actual v^etable cells, much 
less changed than those before named 

3rd. The dark-brown material between the yellow masses 
is very scanty and granular where these masses almost meige 
into each other ; elsewhere it is in considerable quantity, and 
is studded at slight intervals with patches of a yellow, red, 
brown, or almost black colour, in shape elongated, angular, 
rounded, bifurcate, and b^it or even coiled. These make up 
a large portion of the whole substance between the yellow 
masses. 

In vertical sections, this dark-brown matter forms lines 
which traverse the section in the direction of the lamime of 
bedding, and are obviously the same lines as give the striated 
appearance to the surfaces of small blocks examined as opaque 
objects. The edges of vertical sections (Plate VII., fig. 4), 
are very instructive, for on them the v^etable fibres and shreds 
of membrane which are seen indistinctly in the substance of 
the sections project boldly, so as^ I think, to compel the 
observer to one conclusion, that they are vegetable tissues. 
The dark-brown matter separating the yellow or reddish-yellow 
masses of other cannels is of a similar kind to that in the 
Torbanehill. 

The general structure of the Torbanehill coal is further 
illustrated by occasional opportunities of examining the rela- 
tion which exists between it, as shown in Plate IX., figs. 
3 and 4, and portions of easily recognisable vegetable struc- 
ture. In fig. 3, an irregularly elongated, brownish-red mass^ 
without obvious structure, lies in coal having the same ap- 
pearances as that found in the lower part of the seam, and 
shown in Plate IX., fig. 4 ; and it will be observed, that from 
this mass the septa between the yellow bodies of the coal 
appear to radiate. In other parts similar masses are seen in a 
structure more like that observed in the upper parts of the 
seam. In these, too, the brownish-red matter stretches into 
the yellow, and marks it out into a number of spaces. Again, 
in Plate IX , fig. 4, a band of reddish and apparently fibrous 
matter spreads out over a considerable quadrangular space, 
dividing it into polygonal yellow spots ; and, on leaving it at 
the opposite angle, what appear to be fibres are again col- 
lected into a narrow band. 

From the general description of the structure of this coal, 
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I excepted about the upper two inches of the bed, because 
the yellow spaces there are much less visible, and there is 
more uniformity in the appearances of various parts of sections. 
Yet though the yellow matter of the upper part is not so ob- 
viously marked out into spaces by the dark-brown substance, 
that part being, I presume, less carbonised than those lower 
in the seam, the mass consists of alternate patches of yellow 
and reddish-brown matter, and presents a very marked differ- 
ence on horizontal and vertical sections. The vertical sections 
of this part always show reddish-brown bands or patches, 
sometimes branching, and always extending in the direction 
of the laminae of bedding, like the dark-brown bands of ver- 
tical sections in the lower part of the seam (Plate VII., fig. 2). 
A very gradual change of appearance is noticed on passing 
from the upper to the lower parts of the seam, and in each of 
these parts there are occasional patches which present the 
ordinary appearances of the other, so I have no doubt that 
originally both were formed nearly in the same way. 

Crystals which polarise light very highly exist in all the 
higher parts of the bed, but they are not found in the lower. 
One is shown in Plate VII., fig. 2. 

4th. Every horizontal section presents a number of more 
or less rounded or angular bodies, in colour yellow, red, or 
brown, and in size measuring from 1 -500th to 1 -2000th of an 
inch (Plate VIII., fig. 5). Most of them occur singly, but oc- 
casionally two, three, or more lie close together ; and I have a 
preparation in which is a group of fifty or sixty of the smallest 
of these bodies. When they occur singly, I think four or five 
may generally be seen in a field of the microscope of about 
l-60th of an inch in diameter. Sections taken from the upper 
part of the bed are most favourable for their examination, 
because such sections are of a lighter colour than others, and 
can be made much thinner than they without breaking. 

In vertical sections, such bodies are always found elongated 
(Plate Vlll., fig. 6), their length being equal to the diameter 
of the spots shown on horizontal sections, and their breadth 
varying from l-4000th to 1-1 300th of an inch. Some of them 
present the appearances of coiled fibres, and I believe that 
such are either fragments of scalariform vessels, or portions 
of fibre, probably from spiral vessels or cells. Others are 
circular, both on horizontal and vertical sections, and are 
undoubtedly spherical cells. Many which are somewhat 
angular have an obviously double outline, like cells with thick 
walls, and they have small conical or blunt projections stud- 
ding them externally. Some have lost their definite outline 
at particular spots, as if they had suffered from pressure or 
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chemical changes. I know of no interpretation of these ap- 
pearances, except that they are produced by free vegetable 
cells, such as spores or pollen grains ; but yet I cannot con- 
fidently affirm that they are such. Whatever they are, they 
are always to be found in other cannel coals. 

5th. Scalariform tissue. Wherever a stigmaria is large 
enough to admit of removal from the coal, scalariform tissue 
may be found in it by thin sections, or the places where the 
tissue exists may be selected by a common pocket lens from 
any piece of coal containing fossils, as before pointed out. 
In some places, the side view of these vessels shows their 
ladder-like character nearly as well as a section of a fresh 
fern, as in the section from which Plate IX., fig. 1, was taken ; 
but generally only very small portions of the vessels are found 
in a tolerably entire state, the rest being bent or broken into 
fragments of such small size, that of themselves they could 
not be recognised as belonging to such tissue at all. Such 
are some of the fragments found in the dark matter bounding 
the yellow bodies of the coal. The influence of the agent 
which has broken up this tissue may be distinctly traced in 
my preparations from parts which show distinct scalariform 
tissue, to others which present a uniform brownish-red mass 
devoid of all appearance of structure. The absence of scala- 
riform tissue in a large number of sections by no means 
proves that its occurrence in the coal is merely accidental, for 
I have already pointed out that on all pieces of the coal con- 
taining stigmarise, scalariform tissue can be seen in great 
quantity by a common pocket lens. Why it does not appear 
more commonly on sections, made promiscuously in the coal, 
will easily be understood by all who have experienced the 
difiSculty of obtaining thin sections of pieces of coal contain- 
ing a structure so different in density from its other parts as 
scalariform tissue. This tissue exists plentifully in other 
cannel coals. I have a piece of Capledrae coal, which has a 
surface of three or four square inches covered with it. 

6th. I found in horizontal sections, reddish-coloured mem- 
branes or expansions, as shown in Plate IX., fig. 6, giving off 
from one of their surfaces a number of elongated and blunt- 
pointed processes, not more than l-200th of an inch long, and 
at their base about 1-lOOOth of an inch broad. And on ver- 
tical sections I noticed bodies similar to that shown in fig. 5 
of the same plate. These differ greatly in size, and vary in 
colour from a bright yellow in thin sections to a bright or a 
dark-red in thicker ones. They present almost uniformly the 
appearance of reddish or yellow bands, bent so as to enclose 
irregular elongated spaces, which are always narrow and 
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sometimes of scarcely perceptible breadth. On their opposed 
edges the bands are smooth ; on their exterior, they are almost 
uniformly tubercular or pilose. I believe that the various 
i^pearances presented by such sections as those from which 
6gs. 5 and 6 were drawn, result from bodies of a similar kind, 
presenting themselves in different aspects in horizontal and 
vertical sections. That they are vegetable membranes I have 
no doubt, and I believe that they are the remains of more or 
less globular and membranous vesicles, studded externally 
with tubercles or hairs, and nearly smooth within. - Are they 
spores? Whatever they are, they increase the similarity 
between the Torbanehill and other coals, for in the latter, in 
house coals especially, they are very abundant. Very good 
preparations of them may always be obtained from a thin 
layer of house coal below the Parrot of Bathvale, west of 
Boghead. 

7 th. Occasionally patches of dark-brown fragments are 
met with. They, I think, are such as appear frequently 
in small detached portions in the dark matter of the coal. 
One of the patches seems to be a portion of a vessel contaii> 
ing a fibre ; if a fragment of a scalariform vessel, its colour 
is totally different from that generally existing in that tissue 
in the coal. Similar patches (as far as I can judge) occur 
quite commonly in other coals. 

Sawdust and Powder. — When reduced to small fragments, 
as in the form of sawdust or powder, the Torbanehill cosA 
separates in the position of the dark matter into rounded and 
flattened yellow masses, surrounded by a dark outline, or into 
groups of these masses. There are also numerous elongated 
fragments, yellow, reddish-brown, and dark-brown in colour, 
and rounded or angular in different instances. I believe all 
these appearances to be the result of an accumulation of vege- 
table membranes, cells, and fibres, which originally formed 
the mass. At any rate, whether v^etable or not, there is no 
essential difference in the microscopical appearances presented 
by small fragments of this coal and those of the Methill and 
Capledrae cannel coals. 

Coke, — ^The coke of the Torbanehill coal is greyish, dis- 
tinctly laminated, of the same bulk as the coal from which it 
is formed, and of but little use as fuel, from its containing so 
small a quantity of fixed carbon. When reduced to frag- 
ments, and examined microscopically, the coke of the upper 
layers of coal presents a number of irregularly rounded black 
masses, some of which have round or angular openings in 
them. The coke of the lower layers presents a greater 
number of elongated and angular fragments, such as might 
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be produced by woody fibres. These characters of the Tor- 
banehill coal are such as belong to the coke of the Methill 
and Capledrae cannel coals. I feel satisfied that there are no 
essential differences between them, and that they are not 
distinguishable from each other by their microscopical cha- 
racters. 

A$h. — Neither in this coal, nor any other, is there a trace 
of vegetable structure in the ash, except where a very rare 
silicification has taken place. Care must be taken, however, 
that the mistake of confounding coke and the popular term 
ashes with the scientific word ash be not repeated. The ashes 
of coal (using the popular phrase) always contain vegetable 
structures unoonsumed ; but from the ash of coal, as spoken 
of by scientific men, all the organic matters have been driven 
ofi by careful combustion, and nothing but earthy matter 
remains. 

It is important to distinguish the appearances first de- 
scribed, which are general in the bed of coal, with some of 
those last noticed, as only occurring occasionally in it. What- 
ever explanation of the structure and mode of formation of 
the bed may be adopted, it must be based on the appearances 
which are delineated in Plate V II., figs. 1 to 4, rather than upon 
those which are rare, selected from a niunber of specimens, 
and shown in some of the other figures. It is always desira- 
ble that the chemical composition of any body examined mi- 
croscopically be taken into account ; because where the micro* 
scope alone will not enable us to decide at once as to the 
nature of an object, the microscopical and chemical charac- 
ters, taken together, will often do so. This is precisely such 
a case ; for the conclusions which, I think, are to be drawn 
from the structure of this bed of coal, are in a most important 
manner corroborated and strengthened by the evidence of its 
nature which chemistry supplies. 

Were we to arrange and classify the known coals chemi- 
cally and histologically, it would be found that anthracite 
would take its position at one end of the scale and Torbane- 
hill cannel coal at the other. Anthracite is almost pure car- 
b(xi ; Torbanehill contains less fixed carbon than any other 
coal. Anthracite is very difficult to ignite, and gives out 
scarcely any gas ; Torbanehill coal bums like a candle, and 
yields 3,000 cubic feet of gas per ton more than any other 
known coal ; its gas being also of greatly superior illuminating 
power to any other. Below the Torbanehill come the Wigan, 
Capledrae, and Lesmahago coals. In lightness in colour of 
the streak, Torbanehill stands highest, then come Methill, 
Rochsoles, and Capledrae. 



124 DR. REDFERN, ON THE TORBANEHILL 

Structurally, I place cannel coals at one end of the scale 
and anthracite at the other, common coals intervening. In 
anthracite it is very difficult to show vegetable structure of 
any kind ; in common or house coal this can be done more 
easily ; and in cannels most readily of all. The cannels I 
should arrange as follows: — Torbanehill, Bathvale, Bar- 
bachlaw, Wemyss, Methill, Capledrae, Lesmahago, Wigan, 
&c. 

Space will not permit me to enter upon a detailed descrip- 
tion of the appearances presented by other coals when ex- 
amined microscopically. I may state, however, that those 
which the cannels present are essentially similar to those 
which I have described in the Torbanehill coal. I refer, for 
confirmation of this statement, to the figures of Methill, 
Wemyss, and Capledrae coals. The house coals differ more 
widely in structure from the cannels than these do amongst 
themselves ; yet I think the essential features of the structural 
arrangements are nearly the same in all. 

I know of nothing whatever to countenance an idea put forth 
in the paper before named, — that all our coals are formed of 
soniferous wood. On the other hand, I join geologists and 
naturalists in admitting the obvious and constant presence of 
fossil stigmariae^ lepidodendra, ferns, mosses, &c., as evidence 
that coal-beds were formed of such plants. I think the mi- 
croscope affords the most conclusive evidence that the struc- 
tural arrangements of coal are totally different from those of 
wood ; and that it points to the formation of coal, especially 
of cannel coal, from a more or less fluid pulp, resulting from 
maceration and chemical changes taking place in large masses 
of vegetable tissues, such as are now going on in peat bogs, 
especially in those which are semi-fluid and quaking. Every 
one knows the effect produced upon the potato, apple, turnip, 
&C. — masses of vegetable cells — by boiling. The individual 
cells are isolated, and a soft pulp results. The anatomist 
knows that maceration produces precisely similar results on 
animal and vegetable tissues ; and it is in this way that I 
believe the elements of the tissues of plants have been sepa- 
rated from each other, partially disintegrated, and re-arranged 
in a laminar form preparatory to their solidification into a 
mass of coal. Whether such coal contain an enormous per- 
centage of fixed carbon, and give out scarcely any gas, as in 
anthracite ; or have but a small quantity of fixed carbon, and 
give out a large quantity of gas, by the union of its hydrogen 
with other carbon, as in the Torbanehill coal, seems to de- 
pend upon the nature and amount of chemical change to 
which it has been subjected in its formation. In parts of 



AND OTHER VARIETIES OP COAL. 125 

many coal-beds, no crystalline or other aggregation of earthy 
matter is detected by the microscope ; and yet chemistry de- 
termines the presence of a considerable amount per cent, of 
such matter. In such cases, I believe, the earthy matter has 
been added to the vegetable part in a state of solution, or 
fine molecular subdivision ; whilst, where in other instances 
crystals and earthy particles of considerable size occur, it is as 
plain that many of these have been deposited as such origi- 
nally, as is likely to be the case in the instances in which 
beds of coal are formed in the beds of large rivers. 

I will now endeavour to state very briefly the facts which 
I believe to have been made out in this investigation, with the 
conclusions which, I think, they warrant, as to the nature of 
the Torbanehill coal. 

1st. That the whole seam is laminated — a sufficient expla- 
nation of its tendency to split horizontally, and of its slaty 
fracture. 

2nd. That it abounds in fossil plants, especially Stigmariae, 
which present well-preserved scalariform tissue on their sur- 
face, in whatever part of the bed they appear. 

3rd. That the small angular facets, seen in different planes 
on every fractured surface, are produced by vegetable tissues, 
easily recognised under low powers of the microscope. 

4th. That small blocks examined as opaque objects with 
low powers present rounded yellow spots on their upper and 
lower surfaces, and elongated yellow spots on their sides and 
ends, bounded by dark-brown matter — appearances which are 
produced by circular masses of yellow matter flattened ver- 
tically. 

dth. That thin sections, made horizontally, show rounded 
yellow patches, often lobed ; but similar sections, made ver- 
tically, show yellow spots, elongated in the direction of the 
laminae. These yellow spots are bounded by dark matter, in 
great part made up of fragments of vegetable fibre and mem- 
brane. The addition of heat drives off the yellow matter as 
gas, and leaves polygonal spaces, like the remains of vege- 
table cells, in the mass generally, and in some of the yellow 
bodies. 

6th. That, besides the circular-flattened yellow bodies, 
there are much smaller polygonal and flattened bodies of the 
same colour, more uniform in diameter, sometimes with double 
walls, resembling vegetable cellular tissue. 

7th. That other appearances, such as would be produced 
by masses of vegetable tissue sending off fibres or membranes 
into the spaces between the yellow bodies, to constitute their 
boundaries, occur here 'and there in the mass, confirming the 
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conclusions before drawn from the examinalion of the yellow 
bodies of the coal. 

8th. That circular or anf^ular-flattened bodies, or spherical 
ones, from l-500th to l-2()00th of an inch in diameter, occur 
in considerable numbers in all sections of the coal, separate or 
in groups, and resemble free vegetable cells, as spores, pollen 
grains, &c. 

Other bodies, of all sizes, up to the l-20th of an inch<, ap- 
pearing more or less rounded and tubercular, or pilose, on one 
surface, as seen on horizontal sections, and linear and bent on 
vertical ones, appear here and there. Such appearances would 
be produced by membranous capsules or cells, tuberculated or 
pilose on the outside and smooth in their interior. 

9th. That whatever opinions may be entertained as to the 
interpretation of the appearances presented by this coal, it is 
impossible, consistently with the facts, to deny that its sec- 
tions present a remarkably regular arrangement of their parts, 
quite different on horizontal and vertical sections, and only 
capable of explanation by supposing it to have been the re- 
sult of crystallisation, or of animal or vegetable organisation. 
That the coal is not a mass of crystals, is shown by the ab- 
sence of the crystalline form, and, to some extent, by the fact 
that it does not polarise light. Neither its structure nor 
chemical composition offers the least countenance to the 
supposition ^at it is of animal origin ; whilst every par- 
ticular of its structure, and the fact that it is mainly com- 
posed of carbon, point to its being a mass of vegetable 
matter. 

10th. The Torbanehill resembles other cannel coals in its 
geological position, its lamination, its variable thickness and 
value in different parts of the seam — in 65^ per cent, of it 
being carbon ; in burning like a candle when lighted at a 
flame ; in crackling in the fire ; in containing every chemical 
ingredient found in other coals, and none but such as exist in 
them ; in its great gas-giving power ; in possessing a remark- 
ably regular structure, differing widely on horizontal and ver- 
tical sections, similar in every essential feature to that existing 
in other coals, and only capable of explanation on the suppo- 
sition that it is produced by vegetable tissues ; and in being 
everywhere full of fossil plants, easily recognised by the 
naked eye. 

11th. The Torbanehill differs from other cannel coals, — in 
its colour being lighter ; in its streak being lighter in colour 
and dull ; in its giving out far more gas than any other cannel ; 
in containing less carbon and more ash than most other coals, 
and more hydrogen than any known coal ; and in its being 
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toagher and more easily reduced to thin sections than other 
coals. 

The differences it presents from other coals are, therefore, 
non-essential ; not differences in kind, but in degree. The 
Torbanehill coal differs from other gas coals in being the best 
gas coal ; it differs from other cannel coals in being the best 
cannel. 



On the Enamel and Dentine of the Teeth. By T. H. 

Huxley, F.R.S. 

The first part of the sixth volume of Siebold and KoUiker's 
^ Zeitschrift fur Wissenschaftliche Zoologie,' published in 
July of the present year, contains a paper by M. Edouard 
Lent, ^ On the Development of the Dentine and Enamel of 
the Teeth.' It could only be a source of gratification to me 
that any one should have been led fairly to investigate a sub- 
ject, by the perusal of a paper of mine published in this 
Journal, even if his results were totally opposed to those at 
which I had arrived ; and I do not think that, as a general 
rule, controversial writing is worth the paper it is printed on 
— assuredly, it is not worth the time it wastes. I should, 
therefore, have had nothing to reply to M. Lent's unfavourable 
expressions with regard to n>y labours, were it not for two 
circumstances. In the first pl9ce, M. Lent is a pupil of Pro- 
fessor K5lliker's, and appears to have worked under the eye 
of that distinguished investigator. Indeed, the paper is so 
completely sanctioned by Professor Kolliker, that I must regard 
him as responsible for it And in the second place, owing, 
as I suppose, to M. Lent's inexperience as an author (though 
truly the superintendence of so practised a writer as Pro- 
fessor K5lliker should have obviated this difficulty), his 
paper is curiously inconsistent with itself, being in form a 
severe criticism and refutation-— but, in fact, a confirmation 
-*— of the views I ventured to promulgate. 

My paper was intended to establish two main points — 
1. That there is no evidence that the dentine is formed by 
direct conversion of pre-existing elements of the pulp. 2. That 
the enamel is not developed externally to the so-called base- 
ment membrane, or membrana preformativa of the pulp, but 
internally to it; Nasmyth's membrane, which lies over the 
enamel, being in fact continuous with the membrana pre- 
formativa. 

1. On this head, M. Lent adds no new fact or argument of 
any kind. He simply repeats and confirms the statement 
already made by Professor Kolliker — that minute gelatinous 
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processes may often be found passing from the surface of the 
pulp into the dentinal canals (a statement which no one de- 
nies), and then takes for granted Professor KolIIker's purely 
hypothetical interpretation of this fact — t. «., that these pro- 
cesses are outgrowths of the ^' cells" of the surface of the pulp 
-—an hypothesis which is not supported, so far as I am aware, 
by a shadow of direct evidence ; and it is to be remembered 
that the fact is as well accounted for by my hypothesis as by 
any other. 

So much for the formation of the dentinal tubules. With 
regard to the substance of the dentine, M. Lent does not seem 
to have seen much more than myself; for he says that ^' it is 
more probable— indeed certain" that the '^ ^und-sobstanz ^' 
is an '' excretion of the cells and their processes,^* (p. 127.) 

That is to say, M. Lent ({. 6. Professor KoUiker) admits 
that there is no new evidence to be brought forward as to the 
formation of the dentine tubules, and that the substance of 
the dentine is formed as I have stated it to be. Truly, then, 
I do not see where the ^^ irrige angichf' with which I am 
charged lies. 

At page 128 there is a very careless misstatement, which 
one might be disposed to overlook in a student, but which is 
utterly unpardonable in a production which has the advantage 
of Professor Kolliker's deliberate imprimatur. 

^' As regards Huxley's erroneous view as to the formation of 
the dentine, I will only briefly remark, that Huxley has been 
so unfortunate as to have seen the dentine from above only/' 
(p. 128.) 

This is truly astounding, considering that at page 160 of my 
paper I give particular directions how to obtain a profile view 
of the dentine in undisturbed connexion with the pulp ; that 
figs. 3 and 4 are careful representations of such profile views ; 
and that I lay particular stress upon the advantages to be de- 
rived from this mode of examination. 

2. With regard to the development of the enamel, M . Lent 
{i. e« Professor K5lliker) affords a confirmation of my views ; 
all the more valuable, as it is evidently most unwillingly 
wrung from him. 

At page 129, M. Lent, after stating the ordinary theory of 
the development of the enamel, says : ^' This simple theory 
must, however, I believe, be given up, since Huxley has 
made a discovery whose truth I must confirm — a discovery 
which greatly enhances the difiiculty of accounting for the 
formation of the enamel." 

Again, at page 133 : '^ From what has been said, it is pretty 
clear that the membrana preformativa, which may be detached 
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from the enamel in the foetal tooth, subsequently becomes the 
so-called cuticle of the enamel, as, indeed, Huxlej states." 

Again, at page 130: " When, however, I tested Huxley's 
new statements, the matter appeared in quite a new light — 
the more as I could never succeed in discovering a trace of a 
nucleus in an enamel prism. Huxley, in fact, asserts "that 
the enamel is formed beneath the membrana preformativa, 
and that the membrana preformativa and cuticle of the enamel 
are identical. In this point — as I have found by examining 
the fresh teeth of a new-bom child and those of a six months' 
foetus — he is about right" 

I wish I could give the entire force of M. Lent's exquisite 
and polite acknowledgment of the truth of a fundamental fact 
for all further theories of dental development, but here is the 
original, for those who can appreciate it : '^ Hiermit hat es 
seine Richtigkeitr 

In this part of M. Lent^s paper a second misstatement 
occurs, somewhat more gross, if possible, than that which I 
have already had occasion to notice. 

At page 131 he says : ^^ Of nuclei, such as Huxley describes 
and figures (in the membrana preformativa), I have seen 
nothing/' 

I have carefully re-examined my own paper, to see if I 
could find any excuse for a statement so utterly contrary to 
fact as this ; and, for the sake of MM. Lent and Kolliker, I 
really almost regret to say I can find none whatever. 

I invariably call the membrana preformativa a structurelesa 
membrane. I state that Nasmyth's membrane is ^^ about 
l-2500th to l-1600th inch thick, perfectly clear and trans- 
parent, and, under a high power, exhibits innumerable little 
ridges upon its outer surface, which bound spaces sometimes 
oval and sometimes quadrangular, and about l-5000th of an 
inch in diameter." And I go on to say that this membrane 
is nothing but the altered structureless membrana prefor- 
mativa. I am equally at a loss to discover any figures of 
these *' nuclei ;" though it is possible that in consequence of 
the reticulation not having been carried evenly all over 
Nasmyth's membrane in fig. 2, a very careless person might 
misunderstand the figure — the text, however, would at once 
correct this misapprehension. 

I have neither space nor inclination to follow M. Lent fur- 
ther ; as what has been said proves abundantly the only point 
worth discussing at all : viz., that the two main facts asserted 
in my paper are admitted to be bond fide additions to our know- 
ledge ; in fact, one might almost fancy M. Kolliker address- 
ing to M. Lent, Balak's famous reproach to Balaam — ^' [ 
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called upon thee to curse this people, and, lo ! thou hast blessed 
them these many times." 

So far as I am personally concerned, I care little enough 
about being absorbed, after Professor KoUiker's ordinary 
fashion, in the next edition of the ^ Mikroskopische Anatomic,* 
where we shall, I doubt not, read, *^ I and Huxley have made 
out that the enamel is formed under the menfbrana preforma- 
tiva," &c., &c. But I think that Professor Kolliker will do 
well to reflect whether he is likely to increase his most de- 
servedly high reputation, by encouraging in a student a dis- 
ingenuousness of which he himself, I hope, would* be heartily 
ashamed. 

I may add, in conclusion, that there are, I beliere, two very 
good minor grounds of cavil in my paper. One is at page 159, 
where I state incidentally that Professor Kolliker does not 
mention Nasmyth's discovery in his ^Mikroskopische Ana- 
tomic ' — an error for which I cannot account, and for which I 
can only apologise, as a complete oversight The other is the 
description of the cement of the calfs tooth at page 162 ; in 
which, a subsequent examination has led me to thin^ there are 
errors of interpretation. I have had no leisure to re-examine 
this point, and I recommend it to MM. Lent and KOUiker, if, 
as it would seem, they have some unaccountable source of 
satisfaction in finding me wrong — a thing I do myself, quite 
without satisfaction, every day. 



On tJie Determination of Species in the Diatom ace a. By 
the Rev. Wm. Smith, F.L.S., Professor of Natural History, 
Queen's College, Cork. 

It has been said, that '* Synonymy is the opprobrium -of 
Science," and not without reason; for synonymy owes its 
existence to imperfect knowledge, imperfect observation, or 
imperfect judgment. 

Still, as few authors can be required to possess a thorough 
acquaintance with the literature of science, and still fewer can 
be supposed to exercise perfect accuracy of eye and unerring 
powers of judgment, synonymy is, to a certain extent, unavoid- 
able. 

Facts or circumstances first received by one student, will 
be again rediscovered by a subsequent observer ignorant of 
the former record, and registered as new ; and known pro- 
perties or characters, hitherto regarded as of transient or 
inferior importance, will be noised upon by a new writer, and 
made the basis of important distinctions. 
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The multiplication of synonyms may, however, be restrained 
within moderate limits, if the scientific obsenrer will exercise 
due caution in the creation of new names, carefully abstaining 
from designating the subjects of his study, until he has made 
himself, as fer as possible, acquainted with the labours of his 
predecessors in the same field ; and until he has acquired, 
from a wide examination of allied forms, in every stage and 
condition of growth, sound and invariable rules, by which to 
determine how far certain differences are to be regarded as 
specific distinctions, or as accidental or transitional varia- 
tions. 

In a branch of study to which many are attracted by the 
excitement of novelty, and the laudable desire of discovery, 
there is some danger that these important cautions may be 
overlooked or neglected ; and if the student of larger experi- 
ence can, by his remonstrance, curb the impetuosity of such 
inquirers or impose upon them safe and certain rules of 
observation and discrimination, so that the new science shall 
not be burthened with an unnecessarily extended nomenclature, 
he will be doing some good service, and saving future ob- 
servers much painful and unprofitable labour. 

It is with this view that I venture to make a few remarks 
upon the discrimination of species in the Diatomacese, a 
department of nature now inviting and receiving much atten- 
tion, and in which it is probable many real and presumed 
discoveries, as regards new forms, will rapidly be made by 
the host of observers who have been attracted to the study. 

Several years of close observation of these organisms have, 
I believe, enabled me to clear up some of the more difficult 
points in their structure and growth, and led me gradually to 
the adoption of certain views, as to specific characters in their 
regard, that it may be of some utility at the present moment, 
and in anticipation of the contents of the second volume of 
my Synopsis, to lay before the public. 

The ordinary l)iatomaceous frustule seems to owe its 
reproduction to the protoplasmic contents of the sporangial 
frustule, formed by the process of conjugation. These gpa- 
rangia, like the seeds of higher plants, often remain for a long 
period dormant, and are borne about by currents, or become 
embedded in the mud of the waters in which they have been 
produced, until the circumstances necessary to their develop- 
ment concur to call them into activity. At such times their 
silicious epidenns open to permit the escape of the contained 
endochrome, which is resolved into a myriad of embiyonic 
frustules ; these either remain free, or surround th^nselves 
with mucus, forming a pellicle, or stratum, and in a definite, 

K 2 
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but unascertained period, reach the mature form of the 
ordinary frustule. 

The farther growth of the individual cell seems now to be 
almost entirely arrested by the formation of the silicious 
valves, and the multiplication of these forms, of the size thus 
reached, goes on with inconceivable rapidity, by means of 
self-division. 

The size of the mature frustule before self-division com- 
mences, is, however, dependent upon the idiosyncracy of the 
embryo, or upon the circumstances in which its embryonic 
growth takes place ; consequently a very conspicuous diversity 
in their relative magnitudes may be usually noticed in any 
large aggregation of individuals, or in the same species col- 
lected in different localities. 

It may also be easily conceived, that while a typical outline 
of its cell must be the characteristic of a certain species, such 
outline may to some extent be modified by the accidental 
circumstances which surround the embryo during its earlier 
growth and development. A lanceolate form may become 
linear, elliptical, or even somewhat oval, by the pressure of 
surrounding cells ; and acute ends may be transformed into 
obtuse or rounded extremities. 

Those who understand the process of self-division will see 
here a sufficient reason for the occurrence of multitudes of 
frustules, deviating from the normal form, or even for the 
existence of myriads, at one spot, all having a form different 
from the type, the single embryo from which they have all 
sprung by self*division (which process stereotypes the shape 
with which it commences), having from some accidental cir^ 
cumstances become modified in its outline. 

It follows then, from these considerations, that neither size 
nor outline are sufficient to enable the observer to determine 
the species of a Diatomaceous frustule. If he has the means 
of comparing specimens in sufficient numbers, and from 
various localities, he may fix with tolerable certainty upon 
the magnitude and form which may be regarded as the 
average and type of the species ; but without such oppor- 
tunities, a reliance upon such characters will inevitably lead 
to the undue multiplication of species, and to a confused and 
erroneous nomenclature. 

There are three circumstances which seem to me to be of 
essential importance as regards the specific character of the 
diatom : first, the structure of the valve ; second, the habitat ; 
and third, the arrangement of the endochrome in the living 
frustule. i have placed the s(^cture of the valve first ia 
order, because this is a feature which can be .ascertained in 
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every condition under which these forms present themselves, 
whether in a living, dried, or fossil state ; and also because it 
appears to me to be the most constant and obvious character 
of such organisms. These varieties of structure arise from 
the modes in which the silez combines with the cellulose of 
the epidenh, and this combination seems to follow certain 
and invariable laws which are subject to no derangement from 
the external circumstances in which the growth of the embryo 
may take place. The structure of the valve reveals itself in 
the striation, in the character of the striation, may there- 
fore be found a good specific distinction. Whether the striae 
are costate or moniliform, parallel or radiate, reach th6 
median line, or are absent from a greater or lesser portion of 
the valvular surface, and numerous other features which may 
exist, separately or in combination, — these appear to me to be 
circumstances which the observer who wishes to discriminate 
and determine the species should most carefully regard. The 
jelative distances of the striae, and their greater or less dis-^ 
tinctness, (which are not, by-the-bye, always identical cha^ 
racteristics,) are also features which may be safely and 
properly recorded ; but I am not certain that these features 
may not, to a slight extent, be modified by localities and age, 
and am disposed to believe that they are certain guides only 
when we have made allowance for these conditions ; and that, 
while they are constant in frustules originally from the same 
embryo, they may slightly vary in those which owe their birth 
to different embryonic cells. 

In describing a species, we should therefore carefully note 
the character of the striation^ and state as nearly as possible 
the average number of the striae. The dry valve will frequently 
aid in such determinations, the presence and extent of the 
striation being usually indicated by the colour of the valvular 
surface, even when the power employed fails to detect the 
striae themselves ; the differences in colour not unfrequently 
answering to the relative distances, or distinctness of the 
markings. 

Next to the striation of the valve I have placed locality^ 
as a means of arriving at a specific distinction. Where forms 
are closely allied, this circumstance will often aid in their dis« 
crimination ; for not only do I regard it as established that no 
fresh-water species will live in a marine habitat, nor a marine 
species flourish under the predominating influences of springs 
and rivers ; but I believe that certain species are far more 
special in their tastes, some selecting mountain torrents, others 
clear and still waters ; some rejoicing in the deltas of rivers, 
and others fixing their habitations in boggy pools, or alpine 
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lakes ; some being littoral, and others only found in the 
deeper parts of the ocean. When structural differences are 
not obvious, such circumstances as these will not unfrequentlj 
assist the inquirer to resolve his doubts, and assign to a form, 
a position and a name. 

And lastly, the arrangement cf the endoehrome^ in the living 
frustule, will be found to confer a specific character, one far 
more certain than habitat ; but from its being less easily, or 
less frequently within the observer's notice, not so practical 
in its application. 

Those who have the means of examining the living cell are 
well aware that there is in every species a distinct feature 
conferred by the position of the cell contents ; in one the en- 
dochrome is closely applied to the inner surface of the valve ; 
in another aggregated in the centre of the frustule ; sometimes 
sparingly diffused throughout the interior ; or again exhibit- 
ing a radiate or stellate arrangement ; at all times having one 
or several oily globules, which occupy in different species 
different positions, but are constant in number and situation 
in the same species. 

These characters are not always within reach of the ordi- 
nary microscopist, who contents himself with an examination 
of the silicious valve in a dried or prepared condition ; but 
the systematist, who desires to define and discriminate, will 
not neglect these features, and will hesitate to decide between 
closely allied forms until he has the means of scrutinizing the 
living frustules, and noting the differences which exist in the 
position and arrangement of their cell contents. 

It will be apparent from these remarks, that the determina- 
tion of species in the Diatomaceae is at all times a task of 
difficulty, and that this difficulty is much enhanced when the 
observer does not enjoy the opportunity of examining these 
organisms in their living state, or has only prepared or fossil 
specimens, within the reach of his observations. 

In such a case the student is disposed to rely too much 
upon the obvious characteristics of size and form ; now it 
often requires a careful examination of specimens collected in 
various localities, and in every condition of growth, to enable 
the observer to fix upon the size which may be regarded as 
an average, or upon the outline which ought to be accepted 
as typical of the species. 

To adopt as specific a shape or size that occnirs in but 
one gathering, whether the individuals therein be more or 
less numerous, is, I feel persuaded, a most fallacious method 
of procedure. And although the striation is at all times an 
important guide, it often happens that this feature is so nearly 
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alike in allied species of the simpler forms, such as Cocconema^ 
Cymbella and Ndmcula, that our determination must be in- 
fluenced bj less important considerations, and the habitat, 
outline, and arrangement of the cell-contents, all require to be 
brought under review before we should feel justified in con- 
stituting a species. 

It may be said that, to describe and figure every variety 
that presents itself to our notice, will aid future observers in 
the study and determination of these forms* If practicable, 
this course might be a desirable one; but this is no more 
possible in Diatoms than the representation of every leaf, 
which varies however slightly in form and size from another, 
would be possible in our description of a forest-tree ; and the 
elevating of such diversities into specific distinctions, and the 
conferring a distinct name upon each aberrant individual, seems 
to me a course more likely to confuse and to embarrass than 
to lead to a clear arrangement or satisfactory system. Besides, 
it overloads a scientific arrangement with a cumbrous nomen- 
clature, which unduly taxes the time and patience of future 
observers to simplify or remove. 

It is, therefore, far better to expend our labour in endea- 
vouring to combine, unite and harmonize the interminable 
varieties of nature, and thus in a few brief and simple 
terms to embrace a number of seemingly different, but truly 
identical, specific forms, than to encumber science with a 
phraseology which alarms the general inquirer, and enhances 
the labour of the more studious observer. 
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TRANSLATIONS, 



On the Structure and Systematic Position of the Rotifera. 

(Abstract of Dr. F. Leydig*s observations.) 

In the ^ Zeitschrift f. Wissenschaftliche Zoologie' of Siebold 
and KolLiker, .Vol. VI. Part 1, is a valuable Memoir bj Dr. 
F. Leydig, upon the structure and systematic position of the 
Rotifera ; illustrated with four plates of most elaborate and 
beautiful figures, displaying the structure of, or other parti- 
culars relative to Stephanoceros EicMwrniiy Floscularia appen- 
dicuhta^ Tubicolaria najas^ Pterodina patina^ Polyarthrd 
platyptera^ Scaridium loitgicaudum, Notommata Sieboldii, N, 
ce/Urura, EospJwra imjas, N, aurita, N. tardigraday EuchlanU 
triquetray Stepliarwps lamelUirUy Ascomorpha germanicay N(h 
tommata myrmeleoy Euchlanis triquetra, Noteus qiiadricornigy 
Brachionus Bakeri, B, rubens, Euchlanis unisetata^ &c. 

The first part of the paper embraces descriptions of the 
various species observed by the author, as occurring in the 
neighbourhood of Wiirzburg ; to which succeeds an exposition 
of the condition of organization of the class in general ; and 
the last part of the essay is devoted to a determination of the 
systematic position of the Rotifera. 

The new species described by the author are — 

Floscularia ajrpendiculata. 
Notommata Sieboldii, 

„ tardigrada. 

Ascopliora gervianica. 

The second part of the paper, or that embracing the descrip- 
tion of the structure of the Rotifera in general, though too 
long for insertion in this Journal, is a most valuable contri- 
bution to our knowledge of the structure, both histological 
and general, of those creatures ; and must, of necessity, be 
studied by all who pay attention to the subject. 

Though not agreeing with Dr. Leydig in his views respect- 
ing the alliance of the Rotifera with the Crustacea, believing 
with Mr. Huxley that they are more closely related to the 
Annelids, we have thought that the Chapter on the Systematic 
position of the Rotifera might be interesting to those who 
wish to see both sides of the question ; and the more especially 
as it contains many interesting and important observations on 
the subject to which it is devoted. 
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We have also appended the author's Systematic arrangement 
of the Rotifera. 



ON THE SYSTEMATIC POSITION OF THE ROTIFERA. 

Formerly placed among the Infusoria, of which they formed the second 
elass in the classification of Ehrenberg, it has been ktterly admitted by 
all systematic writers, that the Rotifeba possess nothing in common 
with the animals truly belonging to that class, or the polyffastrica of the 
Berlin Professor : but that, in respect of their complex structure, they 
represent a higher type of organization. Opinions, however, are still 
divided on the question, whether the Rotifera, as Burmeister believes, 
belong to the Crustacea, or should be referred to the Annelids, in accord- 
ance with the opinion of Wiegmann, Wagner, Milne-Edwards, Berthold, 
V. Siebold, and others. 

If the truth were alwajrs with the majority, we should undoubtedly be 
obliged to place the Rotifera in the class of Annelida ; but I believe, 
nevertheless, that Burmeister is in the right, though opposed to all the 
otner observers above named. / also conceive that the Ectifera are mudi 
more doeely aUied to the Crustacea than to the worms ; and, by comparing 
the conditions of organization of the two classes, shall venture to support 
this view in the following observations. 

It may first be mentioned, that so far back as 1824 Nitzsch asserted, 
that the l^otifera resembled the Entromostraca ; and, what certainly 
deserves attention, Ehrenberg himself, tliough placing them with the 
Infusoria, frequently remarks upon their resemblance to the Crustacea 
and Entomoetraca ; thus, in his great work, p. 410, he says, that the 
" spicules, beards, and setao** of many species might be compared with the 
arms of the Daphnice ; and in p. 411 he remarks, that many Rotifera carry 
about their eggs attadied to them, '' like the Crustacea ;'* and speaks to 
the same efiect in many other places. Dujardin also notices similar resem- 
blances witli Cyctops, CypriSy &c. ; as, for instance, at pp. 574 and 576 
of his work. 

If the systematic position of the Rotifera were to be determined mainly 
from their external fiffure, the result would oertainlv be more in favour of 
the Crustacean than of the Annclid^type. No annelia has articulated motile 
organs, whilst, on the contrary, the possession of such organs in a per- 
fectly symmetrical form is a fundamental character of the Arthropoda. 
The majority of the Rotifera are not furnished, it is true, with a pair of 
feet, although they have a single annulated, or jointed foot, containing no 
part of the viscera, but which is applied solely to the purpose of loco- 
motion. Furthermore, if the rest of the conformation of the bodv be 
regarded, it is obvious at once that a Euchlanis, SatpifULf and, in short, 
all whose cuticle has acquired the hardness of a hrica, are more closely 
approximated to a crustacean than to a worm. For in the whole vermi- 
form division I am unacquainted with any form whose cuticle is indurated 
to the same extent. 

The muscular structure also approximates, in many Rotifera, more 
nearly to the Arthropoda than to the Annelids. In no animal of the 
latter class have genuine transversely striped muscles hitherto been seen ; 
that is to say, muscles whose contents are divided into minute quadran- 
gular particles, like those of the muscles of vertebrate animals. 

That the motions of the body of many species recall in a striking 
manner those of the Crustaceans has already been noticed. 

If the tiertwuB system be considered, its similarity with that of the 
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lowest Crustaoeuifl cannot eaCKpe recognition* In the Eotifera it consiBtB 
simply of a cerebral ganglion, with branches radiating from it ; there is 
no abdominal chord, nor any chain of ganglia. But is the nervous system 
of the Lophyropoda more developed? In the Daphnis, even, we are 
acquainted only with a cerebral ganglion and nerves proceeding from it ; 
and, consequently, know of no grounds upon which to establish the law, 
that a central nervous sjrstem, consisting oi a ganglionic ring surrounding 
the pharynx, and of a chain of abdominal ganglia proceeding from it, 
belongs to the Crustacea as a fundamental character. 

Moreover, the manner in which the sensitive nerves terminate peripher- 
ally in the Rotifera corresponds precisely with what I have described, 
regarding this point, in the Crustacea and Insecta ; and nothing lik<% which 
is at present known to exist in the class " Vermes." Lastly, I shall not 
repeat at length, but merely remark, that the eye-spots apparent on the 
nervous centre of the Rotifera approximate most closely to the similar 
structures of the Crustacea, as Ehrenberg has not failed to indicate. 

The disposition and texture of the alvmentai-y canal, in an inquiry into 
the systematic position of the Rotifera, afford no decisive evidence in 
favour of one view or the other, since many Annelids also have a complex 
homy masticatory apparatus ; still, with respect to this I would remark, 
that the masticatory apparatus of young DaphnicB (I have examined, for 
this object, the deep yellow-red young of a very large species, DajAnia 
maxiTna t) presents a pretty close similarity with that of many Rotifers, 
inasmuch as the two opposed jaws expand into a plate, which is toothed 
with numerous transverse ridges, exactly like the corresponding plate in 
LaeinulaHa* 

The glandular lobate appendages placed upon the stomach in the Cirri- 
peds, which have been explained as '* salivary glands," mighty perhaps, be 
regarded as analogues of the ventricular glands of the Rotifera. Similar 
organs, however, also exist in many of the dorsibranchiate Annelids ; 
many Annelids also, like many of the lower Crustaceans, are alike in the 
circumstance that the liver is represented simply by large cells, with 
peculiar contents, situated in the wall of the stomach or intestine. Should 
any one find an objection to the arthropodous type in the deficiency of an 
intestine in some Rotifers (NotomnuUa anglica^ if, SiebMiif &cX he may 
recall the neuropterous larva of Myrmeleon, in which, as is well known, 
the fasces are also discharged by the mouth ; the rectum being transformed 
into a spinning organ. But with respect to the intestinal tract of many 
Rotifers (as EucfUanis, Stephanoceros, &c.), what especially recalls the 
condition of that part in the lower Crustacea, is its peculiar bell-like 
movement, which is precisely similar to that with which we are acquainted 
in the intestine of certain parasitic Crustaceans (AchtheneSy Traehdiattea, 
&o.) 

As to the substance which I have pronounced to be a urinary secretion^ 
the dose relations which obtain, with respect to it, between the Rotifers 
and the larva of Cydops, cannot fail to be recognised ; whilst anything 
allied to it is wholly wanting in the Annelids. 

Lastly, the anatomical and physiological phenomena relating to the 
9exucd life speak loudly enough in fietvour of the proposition that Uie Roti- 
fers should be ranked with Uie Crustacea. I would not lay much stress 
upon the circumstance that they produce two kinds of ova, — the so-termed 
*• summer" and *' winter-eggs" (the latter in Triarthra, in the structure 
of their shell present much similarity with the ephippian e^s of Daphnia\ 
or that many species carry their ova about with them ; for, as regards 
these particulars, the genus Clepaine among the Annelids might be named 
as one in which the same thing takes place. The coloured oil-globules 
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also, met with in the vUeUta of many Rotifers, and indicative of a Gros- 
taoean type, may be left out of consideration. But of greater importance, 
perhaps, is the striking analogy existing between the male Rotifers — 
which in a certain sense may be said to be aborted — and those of many 
Crustaceans. Who will not remember the diminutive, male parasitic 
Crustaceans, which Nordmann discovered on the female individuals of 
Aehtheres^ BrachieUaj Chandra,eanthu8f and AnchorelUif and Kroyer in 
other Lermeopoda and LemeoB? 

And the reason that we are only just beginning to become acquainted 
with separate males of Rotifers is probably due to the same circumstances, 
—appearance at a certain time of year, diversity of figure from that of tiie 
female — as those owing to which we have not yet discovered the males, 
for instance^ of JSrgasiluSf FoUfphemus^ LtmnadiOy ApuSy &c. 

If the devdopmeni also of these creatures be regarded, it will be found 
in favour of our view ; for, with respect to several species, it has been 
shown that the young, at its liberation from the ovwn^ has not got the 
form of the adult animal, and, conseauently, must undergo a metamor- 
phosis. And is not the subsequent oiminution, and even complete dis- 
appearance of the eyes, which exist in the young condition of the animal, 
a mrther indication of an approach towards certain Crustacean forms ? 

Whilst the structural conditions hitherto mentioned more or less power- 
fully support the view of the Cmstaoean nature of the Rotifera, they are, 
on the other hand, separated from the Crustaceans by the condition of the 
respiratory organs and the presence of vibratile cilia, and approximated to 
the Annelids; but in both these respects they equally approach the 
Echinodermata ; for, as has been said above, the proper vibratile organs of 
Sunapta digitata appear to me to be structures equivalent to the *' vibra- 
tile organ*' of the Rotifer. 

But in the determination of the systematic position of an animal, the 
question must depend, as it seems to me, upon the fact, whether the sum 
of the resemblances is greater than that of the differences, as respects the 
animal groups with which the animal might be supposed to be associated. 
In applying this law to the subject under discussion, we find that the 
number of conditions allying the Rotifers with the Crustaceans far exceeds 
that of the properties pos^ssed by them rwt in common with the Crus- 
tacea. I consequently regard it as fully justifiable to rank the Rottfera 
as a special order of CitutaceOy and propose, from the distinctive character 
exhibited in them, to denominate them " dUaUd Crustacea'M" (Wimper- 
krabee). They necessarily stand at the commencement of the Crustacean 
class ; since, in the structure of their respiratory organs, they continue to 
be idlied with the Annelids. Huxley (I. c.) has reguded them as Annelids 
possessins permanently the form of the £!chinoderm-larva, and has ex- 
pressed this comparison in diagrammatic figures (I. c, Plate III.), in 
which he places LadnuUiria opposite an Annelid larva, MeUcerta opposite 
to that of Asteriasy Philodina to that of Hciothuria, Braehionus to the 
larva of Stpuncidus, and, lastly, Stephancceros to the larva of Echinus, 
Although Uie ingenuity of this attempt must be admitted, still I tun 
unable to adopt the view of the English observer, but am compelled, from 
the considerations above detailed, to declare myself an adherent to Bur- 
meister's view, as the only one agreeing with my own. 



CLASSIFICATION OF THE CILIOCRUSTACEA. 

It is obvious that the arrangement of the Ciliocrustaceans, or Rotifers, 
as proposed by Ehrenberg, must be changed, inasmuch as the principle 
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upon which it is founded rests upon an erroneous basis. PUytrocha' 
and Zygotrocha do not exist, nor is it at all admissible, that in many 
species the gelatinous envelope should be termed a lanca^ whilst in others 
the hardened cuticle should be understood under the same term. Similar 
criticisms upon Ehrenberg's system have before been made from other 
quarters, although no one, except Dujardin, has proposed a new arrange- 
ment. The latter naturalist has endeavoured to arrange the Rotifers by 
taking the mode in which the movements are effected as the basis of hu 
system ; in accordance with which he has erected the following orders : — 

Ordre I. — Systolides fix^s par un pedicule. 

1. Famille. FkecuUiriena, 

2. Famille. MdicertienB. 

Ordre II. — Systolides nageurs. 

3. Famille. Brachioniejis, 

4. Famille. Furculariens, 

5. Famille. Albertiens, 

Ordre III. — Systolides alternativement rampants et nageants. 

6. Famille. Boti/eres. 

Ordre IV.— Systolides marcheurs. 

7. Famille. Tardigrades. 

With the exception of the Tardigrada, 1 decidedly prefer Dujardin's 
system to that of Ehrenberg, founded as it is upon a correct principle of 
arrangement, and reconmiended by its simplicity. 

Probably, however, the Rotifera may be arranged according to their 
foims ; whether they are cylindrico-oonical, or sacciform, or compressed, 
together vnth which, as further characters, the condition, presence, or 
absence of the foot, may be employed. Proceeding upon this idea, I 
would venture to propose something like the following arrangement. 

CiLIOGBUSTACEA. 

Animals with a jointed body and a ciliary apparatus at the cephalic 
extremity. The nervous system consisting of a cerebral ganglion, and 
filaments radiating from it. Digestive and respiratory systems much 
developed. No heart or blood-vessels. Sexes separate. The female pro* 
duces " Summer " and ** Winter-ova.** Many undergoing metamorphosis. 

A. FlOUHE BETWEEN CLAY ATE AND CYLINDRICAL. 

I. With elongated, transversely-ringed, attached foot. 

1. Flobgularia probosctdeUf Ehrenberg ; oniatay Ehr. ; appen- 

diculata, n. s. 

2. Stepuanocebos Eichhomii, Ehr. ; glaciali8f Perty. 

3. (Ecistes crystaUinus^ Ehr. 

4. Conocbilus volvoXf Ehr. 

5. Lacinulabia socialise Ehr. 

6. LiMNiAS ceratophyUiy Schrank. 

7. Tubicolaria najas, Ehr. 

8. Melicerta ringens, Schrank. 

The genera Ptygura and Glenophora, Ehr., which, according to their 
forms, would also belong to this division, do not ap[)ear to nic to be fully- 
grown animals at all, but undeveloped forms ; and it is not improbable, 
as Ehrenlierg himself was at one time disposed to believe, that Ptygura is 
the young of Mdicerta ringens. 
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The genus OyphonarUeSf instituted by Ehrenberg upon two animalcules 
found in water from the Baltic, is certainly not a Cilio-crustacean at all. 
From the figure alone, and still more from the description, it is obvious 
that this creature has no alliance whatever with a Rotifer, except in the 
ciliary movement. It is probably the larva of some marine animal, and 
I should suppose that of an acephalous mollusc. 

II. With elongated, jointed foot, retractile, like a telescope. 

1. Callidina degans, Ehr. ; var. rosea, Perty ; comtUa^ Perty. 

2. Hydkias comigera, Ehr. 

3. Ttphlina viridis, Ehr. 

4. RoTiFEB utdgariSy citrinus^ erythrcsut, macrurus, tardus, Ehr. 

5. AcTiNUBUS neptunius^ Ehr. 

6. MoNOLABis conica, Ehr. 

7. Philodina erythrophthalma, roseola, macrostyla, cUri^va, acfi- 

leata, megalotrocha, Ehr. 

III. With elongated, jointed, non-retractile foot. 

1. ScABiDiUM longicaudum, Ehr. 

2. DiNOCHABis PoetUum, tetraetts, paupera, Ehr. 

IV. With a short foot and long pedal forceps. 

1. NoTOMMATA (?) ttffrts, Umgtseta, Ehr. 

2. MoNOGBBCA rattus, Incamis^ valga, Ehr. 

3. FuBCULABiA gibba, Forfictda, gracilis, Ehr. 

4. MiOBODON davus, Ehr. 

The genus Mierodon, which I have never seen, would appear, from the 
observations respecting it communicated by Ehrenberg and Perty, to be 
worth attention. I imagine it may represent a male Gilio-crustacam. 

V. With short foot and pedal forceps, which are of equal length with, or 

somewhat shorter or longer than the foot. 

1. Hydatika senta, hrachydactyla, Ehr. 

2. Pi^TJBOTBOOHA gibbo, cnnstricta, leptura, Ehr. 

3. PuBCULABiA Rhemhartii, Ehr. (probably not a Furadaria, 

but a Notcmmakt). 

4. NoTOMMATA tuha, peiromyzon, saccigera, copeus, centrura, 

hrachyota, cdUaris, najas, aurita, gihha, ausata, decipiens, 
fdis, parasita, triims, Ehr. ; tardigrada, n. sp. ; vermicu- 
laris, Duj. ; roseola, onisciformis, Perty. 
6. LiNDiA tortdosa, Duj. 

6. ^TVcajBTA pedinata, hdltiea, oUonga, tremtda, Ehr. 

7. DiGLENA grandis, foreipata, aurita, cateUina, eanara, capf- 

tata, caudata, Ehr. 

8. Rattalub luaiaris, Ehr. 

9. DiSTEMMA /orficula, setigerum, marvaum, foreipaivm, Ehr. 

10. Tbiofhthalmub dorsualis, Ehr. 

11. EospoBA n«^cu, digikUa, dongata, Ehr. 

12. Cyclogena luptis, elegans, Ehr. 

13. Theobus vemalisy uneinatus, Ehr. 

Ehrenberg's genus, Enteropiea hydatina, is the male of Eydatina senla ; 
and his Notammata granidaris stands in the same relation to Notommaia 
hraehimus, which latter genus, however, is placed far more correctly 
under the genus Brachianus than under Notommaia. Diylena granulans, 
Weisse, lastly, is the male of D, catdlina, Ehr. 
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llie genus lAndiUj Duj., is said to be without cUui on the head, which 
I much doubt. 

VI. Without foot. 

1. Albbbtia. 

Includes the A, vermiculvs^ found by Dujardin in the abdominal cavity 
of the Earthworm, and in the intestine of the Limacina ; and A. erystal- 
Ima, discovered by Scbultze in the intestine of Nais UttorcUia, 

1 have long ago noticed a similar Albertia in the intestine of Nais din-' 
guts. On comparing the drawings I then made with the figures given by 
Schultze, I perceive the closest correspondence with his fig. 13. (Beitriige 
zur Naturgesch d. Turbellarien, Taf Til. &c.) So that it may probably 
be the same species. 

B. FlGUBB BACGIFOBM. 

I. Foot short. 

1. NoTOMMATA davolotfif mt^rmeUo, ayrinx, Ehr. 

2. DiOLBNA kunuiriSf Ehr. 

II. Foot absent. 

1. NoTOMKATA aufflica, Dalrymple ; Siebcidii^ n. sp. 

2. PoLTABTHEA pUUyptera, Ehr. 

3. Triabthba langiaeta, nwstaeina, Ehr. 

4. AscOMOBFHA hdvettca, rerty ; germanica, n. sp. 

0. FiGXTBB COHPEESSED. 

a. Depressed from above downwards. 

I. With a foot. 

1. EuoHLANiB triquetray ffomemanni^ lunOy fnacruni, dilataiaj 

lynceuSy Ehr. ; unisetata, n. sp. ; bioarinata^ n. sp. (E. 
oicarinata, Perty, I consider a SalpinaS, 

2. Lefadella ovaliSf emarginatay Mlpina^ Ehr. 

3. MoNOSTYLA comutay quadridentata^ lunaris, carinaiaf Ehr. 

4. Metofidia lepcuIeUa, acununataj trijptera, Ehr. 

5. Stephanops lameUariSf mtUicus^ cirratusy Ehr. (Dujardin 

declares that 8t miUicus is LepadeUa ovcdis), 

6. Squamella hracteay {Monga, Ehr. 

7. NoTOGONiA Ehrenbergiiy Perty. 

8. NoTEUS quadricomis, Ehr. 

9. Bbachionus pcda^ arnphiceroSy urcfidlari8y rubeusy MiSlert^ 

brevispinis, Bakeriy pcHyacanthuSy militarise Ehr* 
10. PTEBODitrA patina^ eUiptica^ dgpeaia^ Ehr. 

II. Foot absent. 

1. Anubea quadridentata, sqitamula, fatctilata, curvicomiSy bi- 
remis, striata, inermis, acuminata^ foliaceay stipOata, tes- 
tudoy serrulatay aadeatay vatya, Ehr. 

fi. Laterally compressed. 

1. Salpina mucronoitay spinigera, ventralis, redtmca, brevispinay 

biearinata, Ehr. 

2. Mabtigooebca carinata, Ehr. 

3. MoMTTBA coluruSf dukis, Ehr. 

4. CoLUBUB tmcinatus^ bicvspidoHiSf caudahUy deftextOj Ehr. 
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Ubbbb den Oboamibmus deb Polythalamixn (FoBAMDnFBBEN), nebst 
Bemerkungen iiber die Rhizopodbn in Allgemeinen. Von Max Sio- 
Mnin> SoHULTZE, Griefs wald. Mit vii. color. Kupperft. (On the Organi- 
zation of the Polythalamia (Foraminifera), together with Bemarks on 
the Rhizopoda in general.) Leipzig, 1854 : pp. 68 ; with 7 coloured 
Plates. 

Naturalists in general, bat especially those whose attention 
is more particularly given to microscopic research, will at 
length be gratified with the appearance of a satisfactory work 
upon the Rhizopoda. And the more so as it would appear 
to be but the precursor of further labours in the same field 
bj the author, who has already proved himself a most able, 
assiduous and conscientious observer, by his valuable memoir 
on the Turbellariae, published in the Wurzburg Transactions, 
and by other papers, in IVIiiller's Archiv. and elsewhere, on 
different subjects of natural history. 

He intends apparently to devote himself particularly to the 
study of the Rhizopoda, and has made large collections of 
recent and fossil forms for this purpose. From this source, 
therefore, in addition to the promised work on British Fora- 
minifera to be published by the Ray Society, and upon which 
Drs. Carpenter and Williamson are, we believe, now at work, 
we may expect very great additions to our knowledge of this, 
as yet, obscure and confusing class of creatures ; the study of 
whose remains, however, is of the utmost importance, par- 
ticularly in a geological point of view, from their vast range 
in both time and space throughout nearly all geological for- 
mations. And their importance appears to be much enhanced 
by the consideration of the astounding fact recorded by Pro- 
fessor Bailey, and noticed in the last number of this Journal 
(p. S9\ with respect to deep soundings in the Atlantic, which, 
it is believed, are the deepest ever submitted to microscopic 
investigation. The results of this examination go to prove 
that the bottom of the North Atlantic Ocean, from a depth of 
60 fathoms to that of more than two miles, is literally nothing 
but a mass of microscopic shells ; which it is shown must 
have lived at the depth where they are found, and not in the 
superincumbent water — these shells are almost all those of 
Foraminifera. 

The present work of Dr. Schultze, which, as we have ob- 
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served, is only the commencement of his labours in this de- 
partment, is limited to the ohject of communicating faithful 
observations with respect to the structure and vital phenomena 
of the testaceous marine Rhizopoda, and to bring our know- 
ledge of them, so far as possible, au niveau with the rapid 
advances which have of late years -been made in that of the 
other Protozoa. 

One obstacle experienced by all who have addressed them- 
selves to the study of the soft part of the Rhizopoda, and 
which has probably altogether deterred many from it, has arisen 
from the difficulty of procuring those creatures in the living or 
well preserved state. Professor Schultze mentions, as an en- 
couragement to the study, that he found no difficulty in 
bringing numbers of PolyttomeUa stngilatdt several GromuB^ 
Rotali<By and MiliolidfSj n'om Venice and Ancona to Griefs- 
wald ; nor in keeping them alive for more than twelve months, 
in as useful a condition for observation as on the first day. 
He had, moreover, partially changed the sea-water but once 
during the whole time. The water, however, contained living 
UlvcB. He has also found that specimens from abroad, pre- 
served in spirits of wine, served extremely well for the purpose 
of studying the soft parts. 

Owing to the general similarity which exists apparently 
throughout the rhizopodous class in the intimate structure of 
the soft part, their systematic arrangement can only be founded 
upon the shells, which exhibit an astonishing diversity of 
form. Out of these forms it would appear, that the labours of 
various naturalists in the last 100 years have made known 
nearly 2,000 species of recent and fossil Foraminifera ; and 
although the observations of Dr. Carpenter tend to show the 
probability that very many of these supposed species are 
merely varieties, still the number is sufficiently great to prove 
the importance and interesting nature of tlie subject. Dr. 
Schultze remarks upon the difficulties attending the study of 
the Rhizopoda, and insists very properly upon the necessity 
of viewing them in all positions, and under different modes of 
illumination and of preparation, in order to arrive at a due 
conception of their conformation. 

The work commences with a copious literature of the sub- 
ject, and then, after a short historical introduction, pro- 
ceeds to general considerations on the structure and vital 
phenomena of the Rhizopoda, commencing with a description 
of the hard part, or shell, followed by that of the soft tissue 
contained therein. An account is then given of their nutrition, 
reproduction (confessedly imperfect), and growth ; to which 
succeed observations on the nature of the Polythalamia, as 
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individuals or as colonies, and on the occurrence and the col- 
lecting of living marine Rhizopoda. 

To this part of the work are added remarks upon the classi- 
fication of the Rhizopoda, including a tabulated view of the 
families and genera, and the description, with beautiful 
figures, of the species observed by the author in the living 
state, of which we subjoin a list : — 

Oromia, JRotcUia, TextUaria. 

Lagynis. Bosalviia, Fclystomella. 

SquamtUina* Polymorphina, Acervulina. 
MUicia, 

Dr. Schultze commences his description of the structure 
and vital phenomena of the Rhizopoda by referring to the 
well-known protozoon Anueba^ Ehr. {Proteus^ O. Mxiller) ; 
which may be thus briefly described : — Its body consists of a 
transparent, colourless, contractile substance, whose individual 
life is manifested by various changes of form, bearing the 
character of voluntary movement. This contractile substance 
has the property of throwing out from any part of it a 
rounded or pointed, longer or shorter process, in consequence 
of which this simplest of animal forms presents the utmost 
diversity of shape. No distinction can be perceived of mem- 
brane and contents, and no cilia are ever observable. The 
utmost powers of the microscope disclose merely a homo- 
geneous, occasionally fine-granular, transparent (protein-) sub- 
stance, with irregularly scattered molecular granules, with 
sharp contours and of strongly refractive properties, imbedded 
in it, together with some larger, clear, pale vesicles. The 
former are either fat-drops, soluble in ether, or corpuscles, 
soluble in a solution of caustic potass, but not so in ether or 
acetic acid ; and the latter often resemble simple vacuities in 
the substance, having no walls and filled with a homogeneous 
fluid. The homogeneous matrix^ as well as the imbedded 
granules and *^ vacuoles" — as the cavities above described 
have been termed — are in a continual kind of flowing motion. 
The substance appears to be throughout equally capable of 
movement and equally sensitive ; and any part of it appears 
also to be equally capable of assuming the function of a mouth 
or vent.* 

In the Adriatic Sea, Dr. Schultze met with an AnuBba^ 
differing from the known species belonging to fresh and salt 
water by the extraordinary extensibility and active motion of 
the contractile substance of the body. He terms this species 

* Vide Description of Actinophrys Sol, by Kolliker, in * Quarterly 
Joomal of Microscopical Science,* Vol. i., p. 25 ; and Siebold's Observa- 
tions on Unicellular Plants and Animals. (lb., p. 111.) 

Vol. hi, l 
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A. porrecta^ and gives a figure of it (Plate VIII. fig. 18), In 
this form filamentary processes are sent out from all parts of 
the colourless body. These processes are of some width at 
their commencement, and soon subdivide into branches. Their 
length is sometimes eight or ten times that of the body, and 
they ultimately become so fine that their terminations can 
only be distinctly seen with a magnifying power of 400 
diameters. The form and extension of the body changes 
every moment, according as the dilffluent substance is thrown 
out into these processes. If two of the processes come in 
contact with each other they coalesce, forming broadish plates 
or reticular meshes, which, the change of figure never ceasing, 
are either retracted into the common mass of the body or are 
enlarged by additional protrusion of its substance. A con- 
tinued current of the granules imbedded in the contractile 
substance accompanies all these phenomena ; and in the pro- 
cesses this current follows two directions. On one side the 
globules may be seen advancing towards the end of the pro- 
cess, where they turn round, and are carried with a compara- 
tively more rapid motion again towatds the base of the fila- 
ment, where they are lost in the substance of the body, unless 
they may happen to meet another stream, by which they are 
reconveyed through the same circuit* 

This creature, which resembles in many respects, as will at 
once be obvious, the well-known ActinophrySy may be taken 
to represent the type of the Rhizcpoda ; and the soft part, or 
animal as it may be termed, of all the numerous forms in-« 
eluded in this class, is constituted in accordance with it. The 
only essential difference, so far as is at present known, con- 
sists in the nature and form of the more or less hard test or 
shell. Where this test exists, it follows, as a matter of course, 
that the body itself of the animal cannot change its form, but 
the shell is always furnished with an opening, or with open- 
ings, through which motile processes, exactly like those above 
described, are protruded and moved. Thus, in the ArceUcB 
and Difflugice^ abounding in fresh water, finger-shaped pro- 

* The same apparent circulation of granules is observable in the reti- 
calar filaments in the body of Noctiluca miliaria^ first pointed out by M. 
de Quatrefages ; but the reality of which, in the uninjured condition of 
the animal, Mr. Huxley O Quarterly Journal of Microscopical Science,* 
Vol. iii., p. 51) seems inclined to dispute. Our own observations, how- 
ever (though not very numerous), would lead us to imagine that M. de 
Quatrefages* account is correct. If so, the remarkable similarity of the 
movement in those filaments in Noctiluca with that observed in the 
Khizopods should not be lost sight of, nor the apparent correspondence of 
the motions of the particles in or on them, with that which may be wit- 
nessed in the nuclear currents, or mucous strings, in the cyclosi's in certain 
vegetable cells ; aa, for instance, in the hairs of Tradescantia, 
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cesses are protruded through a large opening in the mem- 
branous^ chitinous test. In Arcella this test is soft and 
flexible, and in Difflugia it is impregnated with silez (in the 
form of arenaceous particles, JDiatamacea*) ; whilst in other 
forms, apparently living only in the sea, the body is enclosed 
in a calcareous shell, though the filamentary processes exhibit 
exactly the same phenomena as those described in Amaiba 
parrecta. These filaments are protruded either from a single 
large or from numerous minute openings, and are characterised 
by the active stream of minute globules. Their length is occa« 
sionally twelve times the diameter of the body ; they branch 
repeatedly in their course, and are united by delicate bridges 
and plateis. The network of sarcode-substance thus produced 
not unfrequently covers an area of several lines in diameter, in 
the midst of which is seated the body of the animal enclosed in 
its saccular, flexible test, or in a delicate chambered shell, 
like a spider in the centre of its web. These forms constitute 
the testaceous Rhizopoday and are the subject of the present 
work. On account of their nautilus-like and chambered shell, 
they were formerly arranged with the Cephalopoda^ but were 
placed in a distinct class by D'Orbigny, under the name of 
Foraminifera. From Breyn (1732) and Soldani (1789-98) 
they received the name of Folythalamiay under which desig- 
nation they were described by Ehrenberg as a sub-order of 
the Bryozoa. But neither of these appellations, strictly inter- 
preted, is applicable to the entire protozoan class of Rhizo- 
poda ; inasmuch as they are unsuitable to the naked forms, 
which, as we have seen, must be included in that class^ 
Either, however, might be used to designate that subdivision 
of the class in which the soft animal is included, in a fora- 
minated or chambered shell. 

Owing to the opacity of the shell in many of the Forami- 
nifera, and the strong refractive power of the earthy con- 
stituent, it is but rardy that satisfactory observations have 
been possible in uninjured individuals. It is requisite, there- 
fore, either by breaking the shell, or, what is better, by the 
careful removal of separate portions of it, to expose the body 
of the animal. And the same end may also be attained by 
the careful application of diluted acid. By these three 
methods it is not difficult to obtain a satisfactory view. It 
need scarcely be remarked, that the parts external to the shell 
can be observed without any extraneous aids of the above 
kind, and that the observation should be made in the living 
creature. 

The slieU with which the soft substance is closely invested 
is eiHtiet flexible^ or rigid^ being rendered so by the deposition 

L 2 
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of calcareous salts. The only two marine genera in which the 
shell 18 flexible are Gromia and Lagynis^ in which it would 
seem to resemble that oiArcella^ Euglypha^ and Trinema. In 
chemical constitution it approaches chitin. The flexible shell 
of these genera and of their fresh-water allies have but one 
opening, and are not furnished with the minute pores which 
are found so generally in the calcareous-shelled Rhizopods. 
All the other Foraminifera are characterised by having a rigid 
calcareous shell ; though there seems to be, at any rate, one 
exception to this, in a new species described by Dr. Schnltze, 
under the name of Polymorphina siHcea^ in which the shell is 
constituted of minute granules and angular tables of silexj and 
which might, therefore, be compared with that of Diffhigia. 

When recent Foraminifera are dissolved in dilute acid, an 
organic basis is always left after the removal of the calcareous 
matter, accurately retaining the form of the shell, with all its 
openings and pores. The earthy constituent is mainly car- 
bonate of lime ; but Dr. Schultze has satisfied himself of the 
presence of a minute amount of phosphate of lime in the 
shells of recent Orbiculina adunca from the Antilles, and of 
Polystamelia strigilata from the Adriatic. 

As respects the intimate structure of the shell, the calca- 
reous Foraminifera may be arranged in two series ; in one of 
which the shell is perforated by numerous minute openings or 
canals, and in the other appears to be solid and homogeneous. 
In the latter the animal communicates with the external world, 
either through a single large opening, or, instead of that, there 
may be several smaller openings grouped together. 

Dr. Schultze has never been able to detect any trace of an 
organic envelope on the surface of the shell, as described by 
Carter in Operculina arabica. 

The chambers of the shell communicate by similar pores 
and canals through the dissepiments ; but of the *^ interseptal 
spaces" described by Carter in Operculina arabica^ and by 
Williamson in a species of Favjasina (neither of which forms 
had come under his observation), Dr. Schultze has never 
seen any appearance in other Polythalamia belonging to nu- 
merous genera. 

With respect to the classification of the Polythalamia, Dr. 
Schultze takes the mode of disposition of the chambers as the 
basis of his arrangement. Three principal types are in this 
way aflPorded, according as the chambers are disposed in a 
straight (or slightly curved) line ; or in a spiral direction ; or 
in confused heaps. The first corresponding with the Stichoste- 

fiens of D'Orbigny ; the second with his Stelicostegiens, 
Intomostegiens, Erallostegiens, and Agathistegiens ; and the 
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third including a small number of species hitherto over- 
looked, and united by Dr. Schultze in the genus AcermUina. 
In Dr. Schultze's antagement these three divisions constitute 
as many groups, under the names of Ruabdoidea, Helicoidea, 
and Soroidba. 

The Monothalamia he subdivides into three families. The 
first embracing all the forms having a sacciform, solid, cal- 
careous, or membranous test, with a single large opening. 
The second is constituted of the single genus Orbulina^ D'Orb. 
{Miliokij Ehr.), and is distinguished from the preceding by 
the globose, calcareous test, having no large opening, and per- 
forated all round hjjine pores. The third family, lastly, in- 
cludes the genus Comuspira (Schultze), having a monothala- 
mous, calcareous shell, convoluted like that of a PlanorbiSj 
and furnished with a large opening. 

The following tabular arrangement of the Rhizopoda is given 
by Dr. Schultze, with which we must conclude this notice 
of his most valuable work. 

RHIZOPODA. 

A. NUDA. 
Gen. Amieba (Noctiluca?) 

B. TESTACEA. 

I. MONOTHALAUIA. 

Test one-chambered ; animal undivided. 

1. Fam. Laoynida. — A saccifonn, calcareous, or membranous, non-porous 

testy with a large opening. 
Gren. Arcella, Diffingia, Trinema, Euglypha, Gromia, Lagynis, 
Ovulina, Fissurina, Squamulina, &c. 

2. Fam. Orbuld^ida. — A globose, calcareous test, without a large open- 

ing, and finely porous throughout. 
Gen. Orbulina. 

3. Fam. Cobkxtsfibida. — ^A calcareous test, convoluted like the shell of a 

Planorbis, with a large opening. 
Gan. Comuspira. 

II. POLTTHALAHIA. 

Shell polythalamous ; the animal constituted of segments, connected by 

slender processes. 

1. Group Helicoidea. 
The chambers disposed in a spiral. 

4. Fam. Md^iouda. — Each chamber occupies a half-spiral ; the spires 

developed either in one plane or in various planes. 
The shell has only one large opening at the 
extremity of the last spiral. No pores. 
Gen. Uniloculina, Biloculina, Miliola, Spiroloculina, Articu- 
lina, Spbaeroidina, Adclosina, Fabularia. 
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5. Fam. Tubbinoida. — ^The spiral fonned by the chambers resembles 

that of the shell of Helix or Turbo. The spiral 
is only yisible on one side of the shelL Some 
are so much drawn out that the chambers are 
disposed alternately, as it were, in two con- 
tiguous rows. The shell has a laige opening 
in the last chamber, and the soriiBtce is almost 
always finely perforate. 

1. Subfam. Botcdida, — Shell depressed or conical ; chambers not 

embracing each other ; shell glassy, trans- 
parent; miely perforate. 
Gen. Rotalia, Roealina, Truncatulina, Anomalina, Planorba- 
lina, &c. 

2. Subfam. UveUida.-^heW in the form of a longer or shorter raceme. 

The chambers frequency almost completely 
embracing. Shell usually thick and coarsely 
perforate, or solid. 
Oen. Globigerina, Bulimina, Uvigerina, Guttulina, Candeina, 

Globulina, Chrysalidina, Fyrulina, Clavulina, Poly- 

morphina, &c. 

3. Subfam. TextHarida, — Spire so much produced that the chambers 

lie alternately in two contiguous rows. 
6^n. Gaudryna, Textilaria, Yirgulina, Yulvulina, Sagrina, 
Bigenerina, A:c. 

4. Subfam. CassK^ultnfcJa.-— Textilaridans, curved once in a direction 

perpendicular to the original spiral. 
Gen. Ehrenbergina, Cassidulina. 

6. Fam. Nautiloida. — ^The spiral formed by the chambers has a general 

resemblance to the shell of an Ammonite or 
Nautilus. The spire is visible on each side of 
the shell, or not visible on either side, llie 
anterior wall of the last chamber is furnished 
with one larger or several smaller openings; 
the remainder of the shell is usoalfy finely 
perforate. 

1. Subfam. CrisUUarida, — Shell thick, finely perforate, colourless, 

transparent ; chambers embracing, with 
a large opening at the upper angle of 
the anterior waU of the Ust chamber, 
to which the communicating openings 
between the separate chambers corre- 
spond in position. 
Gen. Cris'tellaria, Rotalina, Marginulina, Flabellina. 

2. Subfam. Noniontda, — Shell thick or thin, colourless, transparent, 

finely perforate ; chambers either em- 
bracing or not. llie opening in the 
anterior wall of the first chaml^r at the 
side looking towards the penultimate 
spiral ; the communicating openings of 
the separate chambers in the correspond- 
ing position. 
Gen. Nonionina, Haverina, Orbignyna, Fusulina, Nummdina, 
Assiliua, Siderolina, Amphistegina, &c. 

3. Subfam. Peneroplida, — Usually thin, always brown, transparent 

shells, with or without fine pores ; the 
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chambers very narrow, embracing or 
not. Numerous openings, scattered over 
the whole of the anterior wall of the 
last chamber ; or, instead of these, a 
large opening produced by the coales- 
cence of numerous smaller ones. 
Gren. Peneroplis, Bendritina, Yertebralina, Goscinospira, Spi- 
rolina, Lituola, Orbiculina. 

4. Subfam. PdyUameUida, — Shell tolerably thick, colourless, trans- 
parent, finely porous ; chambers em- 
bracing ; the anterior wall of the 
I last chamber, besides the fine pores, 

has either no larger opening at all, or 
a few very minute, irregular fissures, 
on the side towards the ijenultimate 
whorl. On the surface of all the 
chambers^ rows of fissure-like, often 
perforating depressions, running at 
right angles to the direction of the 
dissepiment. 
Gen. Folystomella. 

7. Fam. Alyeolinida. — ^Globose, ovoid, or cucumber-shaped shells, com- 
posed of spiral tubes, each resembling a Cor- 
ntapimi, and furnished with a special open- 
ing at the end of the whorl. The tubes all 
communicate by connecting openings, and 
besides this, are all subdivided by incomplete 
dissepiments, in the same manner as in the 
Nonionina. The situation of these dissepi- 
ments, which are but few in number, and of 
the connecting openings, is indicated by me- 
ridional lines, which are seen on the surface 
of the shell. 

Gen. Alveolina. 

8. Fam. Sobitida. — Discoid, multicellular shells, exhibiting only in the 

centre an indication of a heliooid spiral, otherwise 
cycloid ; that is, growing uniformly at the whole 
border of the disc. The brown, transparent, 
finely porous shell, is formed of minute chambers, 
connected together in the direction of straight or 
curved radiif and at the border of the disc, each 
presenting a large opening. 

Gen. Sorites, Amphisorus, Orbitulites (Orbitoides, Orbitulina, 
Phaculina, Marginopora), Cyclolina (chambers per- 
fectly annular, with numerous openings on the border 
of the disc). 

2. Group Bhabdoidea. 
The chambers arching one over the other, in a straight or slightly curved 

Une, in a single series. 

9. Fam. Nodosabida. — Bod-shaped shells, whose chambers are super- 

imix)sed one upon another in a series, and 
communicate with each other by a large open- 
ing; a similar opening in the last chamber. 
(Except in the genus ConuZtna, where there 



152 DR. KEBEB, ON THE POKOSITY OF BODIES. 

are numeronB openings instead.) The shell 
usually thick, perhaps always perforated by 
fine pore-canals. 
Gen. Glandulina, Nodosaria, Orthocerina, Dentalina, Frondi- 

cnlaria, Lingnlina, Rimulina, Vaginulina, Webbina, 

Conulina. 

3. Group SoBOiDSA. 
Chambers grouped in irregular masses. 

10. Fam. AcEBYULiNiDA. — Chambers usually globose, disposed very irre- 
gularly one upon anoUier, and of pretty 
uniform dimensions ; shell finely perforate, 
and with a few larger openings at indeter- 
minate places. 
Gen. Aoervulina. 
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Nebst &C. F. Kebeb. (Microscopical Researches on the Porosity of 
Bodies. Together with a Memoir on the entrance of the Spermatic 
Cells into the Ovum. By F. Eeber.) 

Wn shall, on the present occasion, confine our remarks to the 
former of the subjects treated on by Dr. Keber, an abstract 
of whose Memoir on the Porosity of Bodies, furnished by the 
Author and translated by Dr. Barry, appears in the * Philoso- 
phical Magazine' for October and November, 1854. Dr. 
Barry has also appended to it what he terms * Confirmations ' 
of Dr. Keber's views. 

Dr. Keber states, that after many fruitless attempts, he has 
been so fortunate as to discover in the substance of all 
organic bodies already formed (though what that means is 
not very obvious), microscopic spaces from l-12000th to 
l-48000th of an inch in diameter ; and generally, in all bodies 
which he has examined, to recognize signs of an optically de- 
monstrable and measurable microscopic porosity. 

It must be understood, however, before going further, 
that this porosity is not to be confounded with the spaces 
between the fibres or other constituent elements of organic 
tissues. The porosity of Dr. Keber is of a much finer kind 
than this, and is to be sought for in the substance of which 
the fibres, &c., themselves are composed. To observe such a 
condition as this, it is obviously requisite that the substance 
to be examined should be divided into infinitely small por* 
tions. Several methods of proceeding are indicated by which 
particles sufficiently small may be obtained for examinatioa 

1. A very successful method, according to Dr. Keber, 
consists in the examination of the dusty particles which settle 
upon glass when left uncovered ; though this mode would 
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seem to be open to the objection that the observer cannot 
possibly tell what he is looking at. 

2. The surface of the body to be examined may be scraped 
very gently with a knife. 

3. As some bodies are too hard for this purpose, the minute 
particles required are procured by the attrition of two. por-> 
tions of the same substance against each other. 

4. The particles may be procured simply by gentle but 
continued tappings upon the glass with the body to be ex- 
amined. ^This method, it is true/ the author observes, 
' takes more time than the others, but is very sure and easy of 
application.' 

5. With bodies that are fresh, and still moist, the mode of 
proceeding consists in passing the knife most gently over their 
surface, and laying the detritus upon glass, which must be 
examined without the addition of water, and without a 
covering of glass. And it is to be observed that the particles 
of dry substances are also to be examined in the diy state, but 
that they should be covered with thin glass. 

Among the organic and inorganic bodies examined in this 
way by Dr. Keb^, he mentions : — 

The shell and membranes of the egg ; the epidermis and 
cutis of man and many animals ; homy substances ; hair ; the 
cell-membrane ; the mucous and vascular membranes ; the 
walls of capillaries, lymphatics, blood-corpuscles; serous 
membranes, ligaments, bones and teeth. All parts of plants, 
and most definitely in the roots I Charcoal, pitcoal, and brown 
coal; gold, tin, silver, lead, iron, granite, many crystals, 
&c. The pores of granite (which constituent?) measure in 
diameter l-14400th inch ; those of iroI^ l-24000th to 
l-36000th inch; those of steel, which however are very 
difficult of demonstration, appear to be still smaller. The 
average size of the pores in all vegetable formations may be 
taken at l-18000th inch, among which there occur individual 
variations of from l-12000th to l-24000th inch. The pores in 
animal formations are about the same size as those of 
plants. In the membranes of the ovum of man and the rabbit 
they measure l-14400th to 1-1 9200th inch, and the same in 
the human cuticle and skin. 

The evidence upon which Dr. Keber relies in support of 
his assertion of the existence of pores of the above kind in all 
bodies, is this : that in the most minute particles of any kind 
he perceived, on close examination, what he supposes to be 
exceedingly minute spaces and clefts, varying in diameter 
from 1-1 4000th to 1-1 8000th inch, the colour of which, but 
principally with bright illumination, mostly exhibited a 
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reddish or greenish tinge. Upon long examination he also 
noticed that the borders of the dust-particles, as well as their 
finer indaitaiions and inlets, frequently presented exactly/ tfie 
tame reddish and greenish edges. This accordance in the 
eolouring of the borders, with that of the apparent spaces in 
the substance of Che dust-particles, could not, in the Author's 
opinion, do otherwise than «erve as a confirmation of his belief 
that he had before him real spaces and minute orifices. More- 
over, with the alternate elevation and lowering of the object, 
and with alternately increased and diminished illuraination, he 
distinctly saw the light flash through them. To the above, which 
really includes the whole of Dr. Keber's discoveries, we would 
merely add that his observations were usually made with a 
magnifying power of 200 diameters and with an aplanatic 
eyepiece, and with full transmitted light. With this power h». 
was able to perceive in all bodies whatsoever examined by 
him — including metals, minerals, &c. — the following parti- 
culars : 1. As it would seem, that they are composed of 
scales, all of which are constituted of a delicate net-and- 
lattice^work of variously interlaced fibres, with lamell(B more 
or less covering one another, which however, partly between 
them, partly iu' their substance itself, presait a multitude of 
minute, irregularly-shaped roundish, elongated, indented and 
angular orifices, spaces or rifts which are sometimes dendriti- 
cally branched, and form a system of communicating hollow 
interstices or passives. All to be seen and measured with a 
linear magnifying power of 200 diameters, and with an object- 
glass, by Dr. Keber's confession, very far from corrected for 
chromatic aberration ; as we have reason to believe is the case 
with many object-glasses used by German observers I 

The absurdity of these assertions, and of the pretended 
discoveries of Dr. Keber, will be so glaringly manifest to any 
one who has had the slightest experience with the microscope^ 
that we should not have occupied a page of the Journal with 
them had it not been for their appearance in a periodical of 
such high scientific repute as the ^ Philosophical Magazine,' 
and under the auspices of one who, with all his obstinacy in 
the retention of exploded views, deserves the greatest respect 
from every physiologist and microscopical observer. We are 
sorry to say, however, that Dr. Barry's reputation as an 
observer will not be enhanced by his fostering of Dr. Keber s 
extravagant notions; nor do we perceive either that that 
imaginative microscopist has much to thank Dr. Barry for, 
in what the latter terms his ' Confirmations' of the dis- 
coveries. For, according to the ^ Confirmations,' the German 
observer's pores are not pores at all, but the nucleoli of a flat 
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or discoid nudeusj that has divided into many still adherent 
parts, each part being itself a nucleusj and having its single 
nucleolus. It would seem, therefore, that bodies are not porous 
at ally but solid ; and moreover, that gold, tin, silver, lead, 
iron, granite, and many crystals, are composed of scales, each 
of which is a flat or discoid nucleus^ divided into many still 
adherent parts, &c. I 

Dr. Keber's views on the porosity of bodies, and his mode of 
demonstrating it, require no comment Any one, with a mode- 
rately good objec1>glass, can of course at once satisfy himself of 
their fallacy ; and we would merely request him, should he ever 
see our pages, to notice that the old Florentine experiment 
by no means proves the porosity of gold any more than does 
the translucency of gold leaf, and that though the irregular 
fragments of bodies which he has examined with a defective 
instrument may exhibit the colours and appearances he 
describes, and though some of them may present actual 
openings of the size he mentions, it is absuitl to deduce from 
that that all bodies are pervaded by pores, in general not less 
than l-24000th of an inch in diameter. The mere inspection 
of such an object as a scale of Pleurofsigma angulatum^ for 
instance, in which dots of infinitely less size than that can be 
seen and measured, and yet in which no pores of any kind are 
perceptible, is sufficient to demonstrate ^t all bodies are not 
necessarily porous* Dr. Keber should also remember that 
although some stones may imbibe water when immersed in it, 
all do not do so any more than do metals ; though according to 
him all are equally furnished with pores and passages of pretty 
nearly uniform size. 



A MA2n7AL OF Patholooioal Anatoxt. By C. Handfield Jems, 
M.D., and Edwabd H. Sieveking, H.D. London. Churchill. 

This will be a very acceptable volume to the medical pro- 
fession, because we have no woi^ embracing, in a compressed 
form, the results of recent researches in the science of 
pathology. Within a few years, also, the character of much 
of our pathological anatomy has been rendered much more 
accurate and comprehensive by the use of the microscope. 
The authors had thus presented them a very wide field ; and if 
we find defects in this volume, we must rather put it down to 
the magnitude of the subject, and the necessity of bringing out 
the work speedily, than to any want of industry and capability 
on the part of the authors. We have to thank them that they 
have done so much. Although the whole work is a joint pro* 
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clactiony the authors have taken separately their various especial 
parts of the work. Thus Dr. Jones has written the department 
of General Pathological Anatomy with that of the Alimentary 
Canal and other viscera ; whilst Dr. Sieveking has given the 
Pathology of the Nervous, Circulating, Respiratory and Osse- 
ous systems. We think the work would be improved by extend- 
ing the general department so as to make it embrace all patho- 
logical conditions, without the necessity of repeating under the 
head of each system much of what has been previously stated. 
This would reduce the bulk of the special department, and give 
the authors the opportunity of going into greater detail in their 
account of microscopical pathological conditions. The chapter 
on parasites, for instance, might thus be greatly extended, 
especially the portion devoted to their vegetable forms, and 
the results of such researches as those in Robin's volume on 
' Vegetaux Parasites ' given. 

The volume forms one of Mr. Churchill's medical manuals, 
and is illustrated with a large series of well-executed wood- 
cuts. 



A PoFULAB History or British Mossbs. By Bobxrt M. Btaok. 

Reeve. London. 

There are few departments of vegetable anatomy that offer a 
less trodden field for the microscope than the family of Mosses. 
As yet we are very imperfectly acquainted with the history of 
their development and the mode of their reproduction. They 
afford an interest, not only on account of their present distri- 
bution on the earth's surface, but also on account of their 
previous history in connection with the extinct vegetation 
presented to us in the coal and other strata. This little book 
does not profess to give an account of the microscopic struc- 
ture of British mosses ; but all those who are studying this 
subject will find it of great assistance in furnishing the names 
of particular mosses, and enabling them to identify their spe- 
cimens. This work is one of the best of the series to which 
it belongs, and is a very useful addition to the literature of 
our native botany. 



Etudes Phtbiolooiques sitr lbs AimcALCTTLES deb Ikfubiobss Vege- 
tates. Par Paul Laurekt. Tome I. Kancy. 1854. 

M. Laurent is known for his microscopical researches ; but, 
unfortunately, the author has adopted theories which evidently 
interfere with his power of making accurate researches. In 
the first place, he maintains that there is no distinction be- 
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tween the animal and vegetable kingdoms, and then proceeds 
to demonstrate the fact bj showing that infusory animalcules 
are produced from the tissues of pliints. His ol^rvations are 
undoubtedly curious, but from his having a preconceived notion 
to establish, they must all be taken with considerable caution. 
One of the great objects of the work is to show that the ordi- 
nary cells of the cellular tissue of plants become converted 
into true infusoiy animalcules. Not only does M. Laurent 
attempt to demonstrate this fact, but having thus procured 
his animalcules, he proceeds to give a detailed history of their 
habits and functions, very different, indeed, from any that 
has hitherto appeared. The work is illustrated with twenty* 
two quarto plates, giving coarse though graphic views of all 
sorts of animalcules ; but in these the experienced microsco- 
pist will meet with many forms that are familiar enough in 
ordinary vegetable infusions, whilst in others he will not fail 
to observe the workings of an imagination bent on supporting 
a particular view of the facts presented. 
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NOTES AND CORRESPONDENCE. 



aad cUiTs.-— The following method which I have adopted, with 
tolerable success, consists in making the deposits fall through 
a constant depth of water, in various periods of time ; thus 
dividing the diatomes, according to their sizes, into portions 
of several different gravities. 

Rule, — Take about a cubic inch of the clay to be examined, 
digest it for about four hours in strong nitric acid at a mode- 
rate temperature; now add gradually an equal quantity of 
hydrochloric acid, effervescence takes place, a further action 
on the clay ensues ; keep boiling for about three hours more, 
occasionally stirring, and then allow the mixture to cool and 
settle down, which it will do in about an hour ; pour off the 
superfluous acid and wash the residue repeatedly with water, 
so as to get rid of the remaining acid. 

The next operation is to divide the sediment into portions of 
various specific gpravities ; for this purpose it is necessary to 
have several beakers, about 3 or 4 inches in height, and about 
1-i^ to 2 inches in diameter; also one very large beaker, about 6 to 
9 inches in diameter : we will call the large beaker A. Now 
transfer the sediment into one of the small beakers, and pour 
in water till there is just 2 inches depth of water in the glass. 
Stir and let stand half-a-minute by the watch, and then pour 
off carefully into the large beaker A ; repeat this about half* 
a^ozen times, each time pouring off into A all that does not 
fall through the 2 inches of water in the half-minute, and at 
last the small beaker will contain only what falls through 
2 inches of water in half-a-minute. Now let A stand about 
half-an-hour, pour off carefully, and transfer the sediment in 
A to another small beaker ; put 2 inches of water with it, 
stir and let stand for 2i minutes, then pour off into A. Re- 
peat this about six times, and there will now be another small 
beaker containing all that falls through 2 inches of water in 
2i minutes ; while in A is all that does not tall through that 
distance in that period. Let A stand half-an-hour, pour off 
and transfer the sediment to another small beaker, stir and let 
it stand Jive minutes, pour off into A as before, and repeat 
this as before about six times. There is now another beiJcer, 
containing all that falls through 2 inches of water in 5 
minutes. After this I do not divide them any further, but 
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call the last remainder, or what remains in A after it has 
stood its half-hour, ^^ Not in five minutes.'^ Thus we have 
four different glasses, containing diatomes and clay mixed, of 
four different densities : thus Oto^; ^to2^; 2ito 5; not 
in 5. There is now a method of concentrating the coarsest of 
these sediments, namely, the to i, the i to 2^, and some* 
times the 2^ to 5. It consists in taking the beaker containing 
the sediment and pouring about an inch of water on it. Let 
it settle about 5 minutes and then place the glass on a table^ 
and impart a whirling motion to the whole by moving it 
round and round, when the greatest portion of the diatomes 
will rise up in a sort of eddy, while the particles of mud or 
sand will remain at the bottom, even though they are of the 
same specific gravity as the diatomes, and have fallen through 
the same distance of water in the same time. This is because 
the diatomes are mostly Jlat and tMtiy while the particles of 
sand and mud are round ; in the same way, if we tAJsje a round 
pebble and an oyster shell both of the same weight and throw 
both horizontally into the water, the pebble will reach the 
bottom sooner than the oyster shell. So when the whirling 
motion is imparted to the glass, the thin flat shells of the 
diatomes will rise up in a cloud, while the round particles of 
mud and sand will remain behind ; when the cloiid rises up^ 
pour it off quickly and dexterously into another glass, and, if 
necessary, repeat the process, and a little practice will enable 
the operator to separate all the diatomes most effectually. I 
have said before that this process will only apply to the 
to i, ^ to 2iy and sometimes the 2^ to 5 sediment, but not at 
any finer one ; practice may soon teach this. The " not in 5** 
cannot be concentrated, it is too fine, and the whole rises 
together on imparting the whirling motion to it. 

It is not necessary to abide invariably by the divisions of 
time which I have g^ven here. 

These must be varied, of course, according to the nature of 
the clay to be examined. For instance, in a clay I have re* 
orntly tried from 34 feet below the bed of the river at Cardiff, 
nearly the whole of what was left after the to ^ fell in the 
4 to 2^. I, therefore, divided it thus : to i, Ho U, and 
li to 2^ ; a little practice will soon teach this. 

The advantages of the plan are, 1 think, obvious. In the 
first or coarsest sediments we get all the larger and finer 
Diatomes by themselves, unmixed with and consequently un- 
obscured by the innumerable smaller ones, and the fine 
particles of mud and sand ; while if any of them, such as the 
Eupodisci or CampylodUci are rare, they are sure to be found 
in either the first or second division of densities, and by their 
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being concentrated and brought as it were into a small com- 
pass the detection of them is easy and certain. 

In the next division, or the 2^ to 5, we shall find the 
moderate-sized diatomes ; and lastly, in the ^' not in 5/' we 
get a mass of the remaining and smaller diatomes, all of 
which small ones are themselves the more readily seen and 
identified when separated from their larger brethren. 

I would venture to add, moreover, that I think the exami- 
nation of these deposits for the various species is much faci- 
litated, as the slides containing the to 1^ sediment may be 
examined with the inch objective; the i inch will do to 
examine the H to 2^, and 2i to 5 ; while the i inch need 
not be used till we come to the ^* not in 5,'' whereas were 
they all mixed the i inch would be required to examine the 
whole. 

I should add, that what is poured off the large beaker A, 
after it has stood the half-hour each time, may be flung away 
and the sediment only transferred to the small beakers, as 
from the large size of it there will rarely be more than 
2 inches depth of water in it, and half-an-hour is ample time 
to ensure every diatomaceous particle atom falling to the 
bottom and being preserved and detected in one or the other 
of the divisions. — F. Okeden, C.E. 

Apotwe •£ oitieeH^iMMw. — As my friend Mr. Sollitt consi- 
ders the principle that I have proposed, for measuring the 
angle of aperture of object-glasses, is both complex and 
erroneous, I may briefly remark, that he himself supports me, 
with the most substantial evidence possible, of his own per- 
fect conviction of its utility. Simply, because the very 
method that he has proposed as a substitute, both in its 
action and use, is absolutely identical with my own ; which 
is, ** to use the object-glass of the microscope as the objective 
of a diminishing telescope.'' This I accomplished by placing 
a biconvex lens over the eye-piece. 

The next point in question is, with respect to the angle of 
aperture being reduced upon an object, immersed in balsam ; 
wherein Mr. Sollitt is of opinion, that both the results of 
Professor Robinson and myself are erroneous. 

The methods of measuring apertures^ under the latter con- 
ditions must, of necessity, be altogether different, and form a 
distinct branch : at present I know of no principle that will 
serve the purpose so well as that proposed by Professor 
Robinson. The experiments that Mr. ooUitt has brought 
forward to prove that it is an error to suppose, that the angle 
of aperture is reduced in balsam, amounts to no proof at all. 
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merely because thej form no representative of the conditions 
of an object, mounted in the substance of a refracting medium. 

Mr. Sollitt imagines that the theory, as I have explained it^ 
is tantamount to this, — ^that when a parallel plate of a refract- 
ing body is interposed between the object-glass to be mea- 
sured and the candle, it should reduce the aperture. How 
he could interpret my meaning thus I am at a loss to conjec- 
ture, when I stated distinctly, in my paper in the * Micro- 
scopical Journal,' page 213 : — ^'That a parallel plate of glass, 
over an object mounted dry^ has no effect in reducing the 
aperture, for the rays, after being deflected by the first sur^ 
face, emerge again from the second one, parallel to their 
original direction, and all converge to a point, at the same 
angle as at first ; consequently, the object is seen through the 
glass, with an angle of aperture the same as if it was not 
interposed.'^ This is also the case, if several parallel plates 
of substances of different refractive powers be interposed. 

That the candles which Mr. Sollitt made use of exactly 
represented objects mounted dry^ there can be no question ; 
and his results are as they should be. But if each candle 
had been a body contained in the substance of a solid block 
of glass, extending from the object-glass ; then a very different 
indication, or a diminished aperture, would have been ob- 
tained. 

I imagined that my explanation would have been veiy 
easily understood, considering that it strictly depended upon 
the first law of refraction, contained in any elementary work 
npon optics. The annexed cut may serve as a particular 
illustration of the method of measuring the loss of aperture 
on objects in transparent media. In diagram 1, let a a repre- 
sent a parallel plate of glass, or other medium. Suppose an 
object to be immersed just within its substance at &, to be 
viewed with an object-glass, whose aperture is cc. Now, 
according to the laws of refraction, the aperture, or angle of 
rays, collected from the object must be represented by the 
lines taken from b to the points of incidence of the exterior 
rays of the object-glass, at the upper surface of a a. This is 
the theoretical explanation of the loss of aperture on an object 
thus mounted. 

The practical method of obtaining the actual measurement 
of the refracted and reduced angle of aperture is demonstrated 
by diagram 2. Let cc again represent the aperture of the 
object-glass, which is focussed exactly on to the upper surface 
of a a ; the rays, c c, will be refracted to ddy forming an angle 
exactly similar to that at diagram 1, but inverted. It is 
therefore evident, that if we measure the base or diameter 

VOL. in, M 
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of the citne of liglit, at ihr under surface at dd, the apex 
being taken from the upper ii<le of a a, it will txviy repreaenl 
the lo« of aperture caused b}' the firet refraction of tfae one 
surface of the medium. 



The section of the rone of )io:ht at dd may be rendered 
visible b}' breatliin^r on the under surface o( aa; but for 
accuracy I have used a thin film of liees'-wax, as this allows 
tfae diameter lo be marked with a needle-point with great 
nicety. 

In giving this additional explanation I do not, in the 
remotest d^^ee, intend to insinuate, that Mr. Sollitt is not 
perfectly familiar with the theoretical facts i^>on which this 
method of measuring apertures is based ; but I mtirely blame 
the want of perspicuity, wbich prevented me from making 
myself understood in the first instance 

There is a remark contained in my paper, wbich subsequent 
observation has induced me ti> recall, or at least to modify, 
the very general interpretation to which it is liable. The 
exprt-ssion that I allude to wns this: — "I have invariably 
found, that when very difficult tests are mounted in balsam I 
cannot discover the markings." In contradiction to this, I have 
lately succeeded, in many instances, in bringing out the striae 
on some, of what may be termed very difRcutl tests when in 
balsam ; but I do not see that this is lo overturn tlie fact, that 
we are actually seeing such objects with a diminished aper- 
ture. But, however, the subject requires an investigatimi 
that I have not yet bad time to devote to it. I have thought 
this notice due from me, as 1 asserted that the statement made 
by Professor Bailey, of his employing no other than balsam 
mounted tests, required some further explanation I may here 
mention, that it is my opinion, that if an aperture »( lib' is 
reduced to 71" on an object in balsam, it will still have a 
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great advantage over a clear aperture of 7P on the same 
object mounted dry ; because, if it is really as I have stated, 
that the vbibility of the markings depends upon their opacity, 
we shall, in the former case, not only obtain more light 
through the object itself, but there will idso be no appreciable 
loss from the reflection of the containing glass surfaces, as 
there is in a dry mounting. 

To those who may still doubt the question of the loss of 
aperture, on objects immersed in refractive media, I will 
recommend a tnal of the following simple and instructive 
experiment, bearing reference to the point in question. 

Spread some moistened Diaiomacea on a glass slip, and 
when dry cover the deposit with a piece of thin glass ; place 
the slide under the microscope, and with an eighth object- 
glass, select a specimen that may be considered as a test, 
adjust and focus carefully, and so let it remain. Next, take 
a drop of oil, or thin Canada balsam, at the end of a wire, 
and drop it on to the edge of the thin glass cover. If the slide 
is warm this will rapidly insinuate itself between the glasses. 
Look through the microscope, and wait for its passage across 
the field of view ; directly that it has passed, it will be found 
that everything that was visible on the slide, the moment 
before, has vanished from sight ; because the oil, or balsam, 
has caused a different refraction of the rays from the object- 
glass, the focus of which has, in fact, become lengthened ; 
for, in order to bring the object again into view, the objective 
must be brought back a farther distance from the test ; it will 
then be found, if this was at all difficult, that the striae are 
91010 totally invisible, under the same conditions of light, and 
it will require a different arrangement of illumination to bring 
them out again, together with an alteration in the adjustment 
of the object-glass. It may be supposed that these effects are 
analogous to those which would be produced by the interpo- 
sition of an extra thickness of glass ; but just the same phe- 
nomena are observed if the objects are adherent to the thin 
cover itself. 

With this example I conclude my remarks. I consider 
that the main point, that balsam or fluid mounting does 
create a diminished aperture, still remains an untouched fact. 

The inquiry is one of considerable interest ; and, as it may 
end in an application of much utility, should be prosecuted 
farther.-^ F.H. Wbnham. 

•a tiM nmrnmnmrnM mt Um Apartve •T OldMiirM. — ^In your 

last number I see that Mr. Sollitt proposes a new method 
for measuring the apertures of objectives, in discussing which 

M 2 



164 MEMORANDA. 

he controverts some opinions expressed by Mr. Wenham 
and me. On both these I wish to make a few remarks. 

I have stated in the paper to which Mr. SoUitt refers that if 
rajs nearly parallel be sent through the eye*piece of a micro- 
scope down its axis> their extreme divergence, after passing 
through the objective, will equal its angle of aperture, which 
therefore is correctly ascertained by measuring that divergence. 
The only methods, as far as I know, which do this are the two 
which I have proposed,* all others depending on the dis- 
appearance of a light seen obliquely. Of these Mr. Lister's 
(Mr. W^nham's, which is similar, I have not tried) is alone 
correct in principle, but it fails practically in extreme cases. 
In Mr. Sollitt's, and all of the same tjrpe, the process is by no 
means so certain ; ' on the contrary, they are liable to two serious 
objections : firstly, that when a pencil of light is inclined at a 
considerable angle to the axis of an objective, its ultimate 
angle of divergence is less than the aperture ; and secondly, 
that this angle is not bisected by the ray which is parallel to 
the original direction.. These are obvious from the theory of 
oblique pencils, and it follows, as a necessary consequence, 
that we thus measure, not the true aperture, but twice an angb 
which ii greater than the half of an angle which is less than the 
aperture. Up to 45^ there is no difficulty in seeing that these 
two errors nearly compensate each other ; but it would be no 
easy problem to determine their effect at 80^ or 85^. To this 
I may add, that in Mr. Sollitt's method he obtains not the 
aperture of the objective which he tries, but the sum of it, and 
that of the lens which he uses as an eye-piece. 

I expressed a belief that objectives of large apertures receive 
less light from an object in balsam than from one which is diy, 
and 1 do not see how it can be avoided without also denying 
the elementary principles of optics. A valve of a diatome 
(for example) in air disperses light in every direction, as is 
proved by illuminating it in a dark room with a narrow pencil 
of sunlight transmitted perpendicularly through it It is 
perfectly seen out of the direct beam till its markings disappear 
by foreshortening, but continues brilliantly visible till the eye 
comes almost to the very plane of the glass on which it is 

{>laced. Now, of this light, so dispersed, all (except what is 
ost by the reflection of the cover) can come through it to the 

♦ In measuriDg an objective of 176*, made by Spenoe, for my friend, 
T. F. Bergin, Esq., the diameter of the coneys section was so great that 
I was obliged to modify the method, by receiving the lieht on a screen 
made to travel in a cylindric snrfaoe concentric with uke focal point. 
This is a decided improvement, but requires the use of a graduated circle. 
The result must, of course, be corrected for penumbra, Ac. 
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objective, even with 180^ of divergence. Id balsam there 
must be the same dispersion of light ; but beyond a certain 
obliquity, it cannot emerge. The refractive index of Canada 
balsam is 1 540, and that of such flint glass as I use for 
covers 1 * 550 ; with these Mr. SoUitt will find that the limit n 
40^ 30' from the perpendicular, and that below this all the 
rays must be reflected back and be absorbed or escape at the 
edges of the slide. How much is thus lost cannot be assigned 
without knowing how the intensity of this dispersed light 
varies at different obliquities ; but if it be uniform, then the 
balsam unquestionably cuts off* a portion of it whose quantity 
is measured by the difference between a hemisphere and a 
segment whose amplitude is 81^, or 0*76 of the whole. In 
air the light will pass almost to £K)^. 

The first argument by which Mr. SoUitt endeavours to 
overthrow this inference is, that he finds his measures of 
aperture the same, whether he interposes in the course of the 
light a plain slide or one with balsam. This must be the 
case ; for every one knows that a ray incident on any system 
of media, bounded by parallel surfaces, emerges parallel to its 
original direction.* But though it will pass the media, even 
up to 90^, its course in them is always within the angle of total 
reflection, and the light whose loss 1 have described comes not 
by direct transmission, but by dispersion. How that disper- 
sion is produced I do not now inquire ; but its existence is a 
fact. 

His second argument is, that test objects are as well seen in 
balsam as when dry. This is not in accordance with my 
experience, and I believe is not generally admitted. It is 
true that a body of irregular surface and high refractive power 
is (especially as to its internal structure) best seen in balsam ; 
but this is a special case, and does not apply to one which, 
like the valve of a Pleurosigma^ is thin and flat. Indeed, 
besides the point in question, this medium may be expected 
to injure vision by weakening the dispersion and reflection of 
the light. The refractive index is nearly that of quartz for the 
ordinary ray, which is probably the same as that of silica, as it 
exists in these valves, having no active or polarized light ;t if 
it were exactly the same, neither the valve nor its markings 
could be seen at all, and as it is, its action makes the latter 

* It is shifted a little sideways, which is the reason that we can use 
these large apertures with covers of a certain thickness, hut tUs can 
make no change in the measure. 

t In this respect they contrast strongly with undoubted vegetable pro* 
ductions, sach as tibe siliceous integuments of grasses and Equi9ski^ the 
hairs of DetUzia^ &c. 
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finer and fainter. If Mr. Sollitt will repeat one of my ex* 
periments, select a single valve, whose details tire barely 
visible when dry (the objective may be of moderate aperture ^, 
successively introduce under its cover, water, alcohol, and 
balsam, and use very deep eye-pieces, which are the sure tests 
of deficient light, he will probably find reason to change his 
present opinion as to the effect of dense media. 

It may be of use to some of your readers to know diat I have 
ascertained the nature of the irrej^nlarity which injured 
the circumference of the objective described in my paper as 
Jio, 4 (Quarterly Journal of Microsa^ical Science, vol. iu 
p. 296.) I sent it to a distinguished optician, Mr. Grubb, of 
Dublin, to have a graduation put to its compensation, who, on 
taking it asunder, found that a little of the cement which 
unites the lenses was visible round the edge of one: this he 
very cautiously removed I was struck with the improved 
performance of the objective, but referred it to the superior 
action of a new microscope which he had made for me, till I 
happened to use it for the purpose of shewing the nature of 
this defect to a friend. To my surprise it was gone, and the 
disc of light was unbroken to the edge, giving 129^ instead of 
102^, which bad been the really effective part of the aperture* 
I do not pretend to say that the same occurred in the others 
which I examined (in No. 6 the case was certainly different) ; 
but it is, at least, desirable that when such a defect is found, 
this probability should be kept in mind.* - J. R. Robinson, 
D..D., Armagh. 



FiMdcr Av Om W i c f ge p g. —The accompanying 
plan for a Jinder^ I have used for some time, and as I have 
found it to work very well, and as it has moreover been seen 
and approved of by two or three veteran microscopists, I have 
ventured to send a description of it to your Journal. 

The drawing I send is a view of Ross's stage to his best 
microscope, which is the instrument I use, and to which I 
have adapted the finder. 

* This mioroBoope deserves to be known : among other valuable im- 
provements it has anticipated, and in a better form, one proposed in your 
last number, as '* a new achromatio condenser.** Mr. Grubb's illuminator 
is a prism whose aberrations are corrected for a lamp placed at a given 
distance in the plane of the stage. It travels on a graduated arc of 120", 
and through this range its focus continues on the object, sufficiently bright 
for the highest powers. I have used it at W* with 3900, and find the 
power of examining tissues at various obliquities very usefnh If raised 
above the stage it dves at once a capital illumination for opaque ob)ects ; 
it acts well with Lieb^kuhn and r^icoPs prism, and trifling admtions 
make it equally effective with Mr. Bergin's parallel illuminator, which 
shows some objects with peculiar distinctness. 
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Hiit conalats of 4wo scales; one of them, the vertioal, A, 
it attached to the main bed-plate of the stage ; the other, 



M bofuootal one, B, ia altaclied to the arm carrying: the 
pinion which works the vertlcid stage. These stales are 
nadc on thin paper, and on ezainininf « Rom's mi<n>sc<>pe, 
it will be fiooDd that there is ample room for each stane to 
work orer its respective stale. The borisonul scale B is 
carried on a little way, and fixed on the plnte of tht: vertical 
stage, aa well as to the snn before mentioned. 

'I'he only thing else required is a small brass stop, fixiHl on 
die sliding plate at G. This is for the slides always to 
abut against ; and also two little pegs, or stops, at D D ; tliese 
mn fixed into the revolving pUte, and are for the sliding plate 
to abut against. These three stops are removable at pleasure. 

The mode of using the finder is obvious : — If, for instant e^ 
I am about to examine a slide of anj deposit, for diatomes, 
I place it on the stage, close np to the Mop G, and bring the 
sliding plate down cm the stops D D, and set the revolving 
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plate square to the axis of the microscope ; on sweeping 
through the slide, if any particular form occur worthy of 
note, its position is at once read off on the two scales, and 
noted thus, ^^ TViceraHum favtu il ;" the upper numbers 
referring always to the horizontal scale, and the lower num- 
bers to the vertical. 

If I wish at any time to find T. favut^ I have merely to 
bring the horizontal stage over 40 on its scale, and the vertical 
stage over 20 on its scale, when T,famL$ mutt appear. Thus 
the whole contents of a slide may be speedily catalogued and 
registered, and as speedily found again when required. A 
small arrow scratched upon each slide serves to show the 
direction in which it is laid, for registry or reference. The 
divisions I use are l-5ths of an inch ;.each is again divided 
into 10 parts : each of these may be divided by the eye into 
half, so that when the stages do not come exactly over a divi* 
sion, I register them thus : J! favus ^. It is obvious, that 
when working at night these scales will be in the dark ; I 
then use a small silvered reflector, about two inches square, 
which fits into a handle, and throws ample light upon either 
of the scales, with a litde management 

In the study of diatomaceous deposits this method of 
registering is ^especially serviceable, as the whole contents 
of a cabinet may be registered in a book, alid any specimen 
referred to in a moment, without the least trouble or loss of 
time. 

I am indebted to my esteemed friend, B. Brodie, Esq., for 
the su^estion of the above contrivance. — F. Okeden, C.E. 



Ob Om vnMHM •£ Slareh la tlM hi— 4. •f mm Bpileplic Palieat.— 

During the latter part of last year (1853) a gentleman, re- 
siding in Toronto, troubled with epilepsy, stated to me that 
he was desirous of having his blood examined by means of 
the microscope, hoping thereby that something might be dis- 
covered in it which might explain the cause of his complaint 
Being fully aware of the great influence which the delayed 
excretions of the system exercise when retained in the blood, 
I readily acceded to the request, thinking it possible that I 
might find some changes in the blood corpuscles, or in the 
deportment of the fluids, that might assist in the investigation 
or serve to explain the nature of the afiection. Having ob- 
tained some blood by puncturing the finger with a lancet, 
I took a drop and placed it in the field of the microscope 
— my microscope is a Nachet's, magnifying from 450 to 500 
diameters. To the drop of blood I added some pure well- 
water, the red corpuscles rapidly absorbed the fluid, and soon 
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broke up ; after a short time I found left under the micro- 
scope many white corpuscles, and a number of cellaeform 
bodies which I compared to starch corpuscles ; these bodies 
were of irregular size, with a minute nucleus, presented an 
apparent lamination, were generally ovate, flattened and some 
what irregular in their outline, and bore all the appearance of 
these vegetable corpuscles. Fancying that they might be 
some foreign matters obtained from the water, which had been 
mixed with the blood, I requested a fresh supply of water in 
perfectly clean utensils, and used every precaution to obviate 
any accidental introduction of starch. Still upon placing 
some more blood under the field of the microscope I observed 
these bodies. One fact was evident, that if I put some of 
the blood under the microscope without the addition of water, 
the blood corpuscles ran together and broke up, without 
showing any of the bodies I imagined to be starch corpuscles. 
When developed to their ordinary size, they were about 
l-500th of an inch in diameter, which would make them too 
large to pass the generally of capillary vessels ; after some 
water had been added to the blood these corpuscles, not at 
first remarkable, after a time became very conspicuous, and 
were evidently fully developed by the water they had absorbed. 
The dense medium in which these bodies previously existed 
was certainly not fsivourable to their increase of size, but, as 
soon as a fiicier fluid had been added, they quickly enlarged 
and eventually assumed the appearance which attracted my 
notice. 

Greatly surprised, I mentioned the fact to my patient, 
telling him that I must be deceived by some unaccountable 
accident, and that the introduction of the starch into the blood 
must depend upon some fortuitous circumstances, as I had 
never before heard of such a case, and did not believe that a 
vegetable product like starch could exist in the blood of man. 
So convinced was I that the product observable in the field 
of the microscope was starch, that I obtained some flour and 
placed it under similar circumstances in the field of the 
microscope, its apparent identity was sufficiently manifest ; 
still fearing that there must be some mistake, I did not ven- 
ture to imagine that there could be any reality in my discovery 
of starch in the blood of man, and consequently passed the 
matter over without further observation. At a subsequent 
period I discovered with my friend. Dr. Barrett, similar bodies 
during our microscopic observations of the matter contained 
in the eye of a boy, which had been removed in consequence 
oi fangus fuBmatodeSy and I have continually observed similar 
corpuscles in specimens of urine submitted to the same test 



f. 
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Having lately 4»l>aerve<i (I5th June, 1854) that Kuilolph 
Virchow hmJ publisliecl in Virchow's Archjv. Bd VI., H. K 
page 1 35 (Sept. 4, 1853), an account of bis diM overy of a suh- 
•tance preientin^ the chemical reaction of cellulose found in 
the brain and spinal cord of man, I mentioned the fact to my 

rttient, told him that it was possible that the discovery which 
had made of starch in his blood might be a reality, ami 
consequently I thought it would be well to make another ob^ 
servation of the matters contained in his blood. Upon placing 
a drop of the patient^s blood under the microscope it exhibited 
the same corpuscles, and I now resoWed to test them with 
iodine ; acooidingly I made a watery solution of iodine, and 
applied it to the drop of blood instead of the water previously 
employed, and found that every one of the bixlies I ianci<Nl 
to be starch*K9orpttscles became blue— -some were of a light 
urplish^blue tint, while others became opaque, and of a per- 
eetly blue colour. To satisfy myself as to the precise 
character of these bodies, I now took some flour and mixed 
it with the weak watery solution of iodine, and precisely 
similar results were produced, tlierefore I consider that I am 
warranted in believing that the bodies I observed under the 
microscope, in the blood of the patient affli<*ted with epilepsy^ 
were corpuscles of starch ; and that under ordinary circuiii* 
stances, while floating in blood of the usual consistency, tliese 
bodies are scarcely more than granules, and continue as such 
so long as they remain in the circulating system ; but when 
they have been removed from the blood, or submitted to a lesa 
demie fluid, that they then rapidly take up fluid, and are 
readily developed into full-sized starch-corpuscles, and may 
be shown as such in the field of the microscojie. 

While adverting to this singular fact, I will not presume 
myself to ofier any reasons as to the physiological or patho- 
logical value of the conclusions that may be drawn from the 
circumstance, save that it seema to confirm the opinion 
advanced by Virchow, when he states tliat ^* In the brain of 
the child I have as yet sought for it (the cellulose) in vain, so 
that like the brain-sand it appears to arise in a later stage of 
development, and probably may have a certain pathok^ical 
import" Is not this evidenced by the starch-corpuscles 
occurring in the blood of a patient subject tr> epileptic 
attacks? It is not impossible that the starch corpuscles 
found in the brain, and other abnormal structures of tlie body, 
may have been derived from the blood, and have been depo- 
sited in tlie disease<l structures, as one of the products of 
inflammatory action ; at that period they were scarcely more 
than nficleit but after they had beea removed from the circu- 
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lating system, and obtain a thin serous fluid for their nourish- 
nient, thej then become so far developed that they may be 
readily diagnosed in the animal structures as corpuscles of 
starch. — S. J. Stratford, M.R.C.S., England ; Editor of the 
* Upper Canada Medical Journal,' Toronto, Canada West 



pf CI — twr i wM . — A paper in the last number of the 
* Microscopical Journal/ by the Hon. and Rev. S. G. Osborne, 
on the Economy of Closterium LvnuJa^ induces me to offer a 
few remarks on the same topic, as, though my observations 
have been trifling compared with the labour which Mr. Osborne 
has devoted to those beautifully interesting objects, some draw- 
ings and jottings in my note-book entirely coincide with his 
illustrations, and afford one or two additional details. 

In February 1853, I first noticed around the margin of a 
CI Lunula the appearance of a double circulation passing in 
opposite directions through canals or vessels, one of which 
was, probably from refraction, of a bright pink colour, the 
other a pale green. The motion of the currents was nearly 
uniform, but occasionally intermittent ; and sometimes for a 
few moments the direction of the currents would appear to be 
reversed. The circulating liquid carried with it minute 
granules by which its course and velocity were apparent ; and 
on carefully observing these, it was evident that the marginal 
vessels poured their contents into a diffused cavity, free from 
endochrome, surrounding the hyaline vesicle witli its pc^r- 
plexingly active group of moving bodies. These vary in number 
from sixteen to twenty or thirty at each extremity oi the frond ; 
and a supplementary vesicle is sometimes added, containing a 
single granule in equally brisk activity. The transparent 
membrane of this terminal cavity of the frond appears covered 
with cilia, which 1 have also distinctly seen fringing the inner 
margin of the crescent, and less clearly also on its outer edge. 

The appearance of a marginal circulation, which passes 
uninterruptedly across the central band of the CVosterrifm, may 
or may not be due to ciliary motion, or currents thereby in- 
duced. But besides this (i^parent) circulation in marginal 
vessels, there is a frequent irregular movement of granules of 
endochrome more resembling imperfect cyclosis ; and a de- 
tached granule is occasionally seen to stray inti> the marginal 
current, and to be carried by it to the terminal cavity, where it 
appears to have lost its way ami to seek in vain for a resting 
place. 

Another point to which I would ask attention is the occur- 
rence of remarkable circular marks or apertures, which are 
observed more or less distinctly on many specimens of Clo9- 
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terium* They are alluded to by Mr. Osborne, and are depicted 
in several- of Ralfs figures, particularly in C. Ralf$ii^ and 
were even more definitely displayed in several fronds of 
C7. didymotocum^ sent to me among some mud from near Beau- 
maris, of one of which I took an outline with the camera in 
my note*book, in July 1853, resembling the sketch enclosed. 
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This frond seemed nearly, or quite dead ; it was partly trans- 
parent, the endochrome contracted, and some portion had 
escaped. Several apertures penetrated both layers of the 
investing membrane at irregular intervals, the inner circle of 
the aperture being the more distant from the eye in all save 
one (marked x )» in which the larger orifice seemed in the 
opposite direction. All around the apertures and over the 
entire space not occupied by endochrome, were crowded 
myriads of excessively minute atoms in active motion. Are 
these perforations accidental or belonging to the eccxiomy of 
the Clatterium ; and have they any affinity with the mysterious 
hyaline globule at its extremity ? I have noticed groups of 
busy granules in apparently hyaline vesicles on the dark 
surface of the frond, though I could not identify them with 
the spots here designated as apertures. 

l''he application of iodine was merely a repetition of Mr. 
Dalrymple and others' experiments, and, like his early attempts, 
failed to denote the presence of starch in the endochrome. 
And yet the Closterium seemed a fully mature specimen. 

I have not had leisure to watch the process of division 
observed by Mr. Osborne, but have noticed the motion of the 
Closterium from side to side, recorded by him, a movement 
which appeared to me perfectly spontaneous; and, indeed, 
without some means of spontaneous motion it is difficult to 
ccmceive how the frond (I had almost said the animalcule) 
becomes removed from the bottom to the sides of a glass, a 
fact I have especially noticed in some of the kindred species, 
Docidium. 

The above observations were made chiefly by the light of a 
camphine lamp, or of a sperm candle intensified by a Ross* 
condenser, and with one of Ross' l-8th of an inch objectives, 
of 150^ angle of aperture. I have not yet used the direct 
sunlight recommended by recent observers, but shall certainly 
adopt it when the return of spring gives further opportunities 
for the re-investigation of these very beautiful and mteresting 
objects.— F. G. Wright, M. D., Wahtfidd. 
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I Light. — ^The following Tei; 
aiinple plan for correcting the painful glare of artificial ligbt, 
particularly gas light, in microscopical investigations with 
low powers way have been adopted by others, but as none of 
my mitatMcopical friends are aware of it, and as I can find no 
allusion to it in any works on the microscope with which I 
am acquainted, a short note on the subject may not be out of 
place amongst yoar ' Memoranda.' 1 have had slips of bluisb- 
grej glass of various shades cut to the size of an ordinary 
glass slide three inches by one. One of these blue slips I 
place upon the stage under the glass slide bearing the object, 
or, if more convenient, place the object to be examined upon 
the blue glass itself. This little contrivance renders the 
observer quite independent of a blue cbimney-glass to his 
lamp, and enables him readily to change the tint of the light 
and adapt it to the particnilar object be is examining at the 
moment. By this plan the yellow light of common gas is 
ctrnverted into a pare and white light, approaching very closely 
to that of daylight. The blue glass may be obtained from 
any working optician, being the glass used in the manufacture 
of bine spectacles, and I am confident the observer will derive 
real comfort from its use in the manner indicated. — Ferquson 
Branson, M.D., Sheffield. 

HasMMc BMisK — I send you a drawing and description of 
a magnetic object-bolder, not liable to an objection incidental 
to the otherwise excellent arrangement described by Mr. 



Busk, in the July number of the ' Micro- 
scopical Journal, inasmuch as it is ap- 
plicable to the stage of ant/ microscope, 
whether simple or not, and also requites 
no new live-boxes or object-bolders, being applicable to those 
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alreadj made. The arranf^ements requires the upper edge of 
the aperture in the brass plate of the stage to be turned down 
(in a lathe) so as to form a cell l-8th of an inch or more broad, 
and of sufficient depth to allow of a slight shoulder on tlie 
lower edge of the plate. Into the cell thus made a soft iron 
ring, cat or turned out of sheet iron, is firmly pressed, being 
so made as to fit tightly. If required, small adjusting screws 
may lie introduced beneath to regulate the requisite projection 
of the soft iron ring above the sutCeu^ of tlie stage. The 
magnets are attached to the Iwe-hox or ohject^holder^ and as the 
surfaces of adhesion are by this plan large, they may be much 
reduced in weight and more easily made, being punched or 
cut out of soft sheet cast steel l-16th inch thick, and after- 
wards hardened in the usual way. The subjoined drawing 
shows the mode of attachment to the under surface of the 
brass live-box or object-holder, and which may be effected either 
by screws or solder, taking care that the opposivg and i/tsst- 
milar poles of the magnets are brought as near as possible 
without contact. As magnets always lose power by frequent 
breaking contact, this arrangement allows them to be remag- 
netized without any disturbance of the stage of the microscope. 
Both magnets and soft iron ring require to be ground flat.— - 
J. B. Spencer, 9, Kidbrooke Terrace, Blaekbeath» 



effect mf MUlfitj •■ tiM ■mrhtojii m€ the 

In the Introduction to the * Micrographic Dictionary,' now 

Kublishing by Van Voorst, and of which Dr. Griffith and 
[r. Henfrey are the authors, it is stated, page zxxiii, '^ In the 
valves of the more delicate Diatomaces {Gyroeiffma, &c.), 
the point is important that the line of fracture of the broken 
valves passes through the rows of dots on the dark lines cor- 
responding to them, showing that they are thinner and weaker 
than the rest of the substance ; had these dots represented 
elevations, the valves would have been stronger at these parts." 
This appears very conclusive, but a phenomenon has recently 
€X>me under my notice which, to my mind, is easily explicable 
on the supposition that the dots are devotions; not so, how- 
ever, on the hypothesis that they are depressions. On a slide 
containing the Pleurosigma hippocampus, mounted dry by the 
late Poulton (whose recent loss many microscopists will I am 
sure deplore), there is one specimen of a Pleurosigma which I 
am unable to identify with any in the Rev. W. Smith's 
Synopsis. Some moisture has gradually insinuated itself 
between the thin glasses of the slide, and has almost entirely 
obscured the markings which I used formerly to see most 
beautifully as dots all over the surface of the shell. However, 
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oQ iubmittin-i the slide to » p^tle heat, I foand that the 
iiKuature •k)wty retreated), leaving patches of the abdt dry, 
and with the markinga as distinct as before. But what I 
particulBrly desire to draw ntleution to is, that I have observed 
the dry part of the shell is uniformly bounded by itraight 
lines, which are parallel to the two dirertic»n» of leatt dis- 
tance of the dots. This will, perhaps, be better understood 
OD referring to the figure, which is an enlai^ diagram of a 
portion <»f half the shell, ami in which the portiM in dots is a 
careful ropy of a dry part of the 
shell, where the markings are 
(lenrly seen; whilst the shaded 
remainder iiftlie figure is inieniled 
to represent the parts obscured 
by the damp, in which only a 
very slight Irace of the markings 
is visible. In the figure it is 
evulent that there are two lines, 
AB and A(.', in the directions of 
which tl>e dots are at a minimum 
distance, and I find that the i, 

straight lines of demarcation he 

tween the mmst and the dry portions are almost universally 
parallel to these two directions.* 

Now uptm the supposition of these little dots being eleva- 
tions, the phenomenon appears to me easily explif^ble, uo the 
principles of capillary attraction. We can readily conceive 
the moisture clinging from one dot to another, and it would 
always have a tendency to arrange itself in lines parallel to 
the directions of least distance. I am, however, quite at a 
loss to imagine how the same principle would apply on the 
hypothesis that the dots are depressions ; nor, on that hypo- 
thesis, do I see upon what principle the phenomenon is expli- 
cable. The examinatitm has been made throughont with one 
of Ross's recent l-8ths (1854), and a carefully coitered achro- 
matic condenser, with stop to cat off the central rays. I always 
observe that when I have the most distinct visi<m of the dots, 
if I very slowly turn the fiiw adjustment so as to depress the 
object-glass, the dots suddenly become white on a black 
ground, and under these circiun stances I have sometimes 
thought I could see the white dots having an hexagonal form ; 
but even with the third * eye-piece, I have not command of 

* From zcomelricfil conud«rmtk>DS it is evidtnt, that if the angle BAC 
be RTi-Aier than 12<f, the straight lines pamllel la the straight line AD are 
in the directioufi of the minimum diHtanoe of the dots, but by a careful 
(irawingt with the cauMnt locida, I have fbuod that the angle BAC is less 
than 120°. 
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sufficient power to be assured on this point. The fact of these 
delicate markings being almost entirely obscured by moisture 
appears to me remarkable, and calculated, if investigated by 
experienced microscopists, to throw ranch light on a subject 
still I presume involved in obscurity, namely, the precise 
nature of these markings. I may observe that I have 
another slide of the Pleuroiigma angulatum^ in which, from 
the same cause, the phenomenon is very visible. — G. Hunt, 
Birmingham, 



N«tM tm Mr. C«*ej'« Paper •■ the ThreaAt mt TvlcUa* — The 

following misprints occur in this paper. At p. 20, the word 
*^ accurate" is printed instead of ^^ arcuate,'* which renders 
the sentence unintelligible. In two places Trichia is printed, 
where the word should be Trichia, and in one place Arcyria 
is printed instead of Arcyria. — Frederick Curret. 
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Microscopical Society. June 28M, 1854. 
Dr. Carpenter, Presideut, in the Chair. 

T. H. Huxley, Esq., Joseph Payne, Esq., E. B. Pitchford, Esq., 
and F. Spurrell, Esq., were elected Members. 

Dr. Lankester made some remarks on the circulation in CloHerium 
Lunula^ and ilead portionu of a communication to the Microscopical 
Journal, from the Rev. S. 6. Osborne, on the subject 

A paper on the Parasitic Borings in Fossil Fish-scales, from 
C. B. Rose, Esq., was read (Transactions, vol. iii., p. 7). 

Mr. Quarles Harris made a communication on the disease afiect- 
ing the Vine. 

October 28^A, 1864. 
The President in the Chair. 

Three separate papers from Professor Gregory, of Edinbui^h, 
on Diatomacese, were read (Transactions, vol. iii., p. 10). 

November 22nd, 1854. 
The President in the Chair. 

H. Rutt, Esq., and Fitzmaurice Okeden, Esq., were elected 
Members. 

A paper was read from Mr. Wenham, entitled, ^' Some RenoArks 
on obtaining Photographs of Microscopic Objects," &c. (Transac- 
tions, vol. ill., p. I)* 
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DBSCEIPTION OF PLATE VL, 
lUnstrating Dr. Johnston's Paper on the Mosquito. 

Fig. 

1. — Head of male moflquito, magnified 20 diameters. 

2. — Orbital rings supporting the capsules. 

3. — Auditory capsule (sectional view). 

4. — Two joints of antenna. 

5. — ^Diagram of auditory (?) and antennar ner^e. 



DESCRIPTION OF PLATE VL, 
Illustrating Dr. Webb's Paper. 

6. — Is a side view of tlie NoctUuca miliaria. The oonica] appearance of 
the tooth is seen in this position. 

7. — A front view of the same parts, a, the outer surface of " the tooth ;** 
hf the oral aperture ; c, position of the supposed anal aperture. 

8.— 'View in profile of the central depression. 

9. — Sectional view of the central depression and tooth, from behind. 

10. — ^The nucleus enveloped in a membrane with yelk-like matter. 



o 



\ 



.C^/:.».a/#Jy./7 



"^ 



■v.,; 




■ ■ ■ \ 


h.i- 




, ; 


•'. ) .• ^! 


' '• ( 


i 


-^^V--- 


•.i^> 


- -:f'^ \ 


■ '^. ■] 






\ 


. • ■ ' / 


\ 


1 


\ 


, . / 




^-^--^ 



r 



EXPLANATION OF THE PLATES 
lllnstratiiig Dr. Redfem's Paper. 



The drawings from which the Plates were executed were made by the 
camera lucida, under a power of 140 linear diameters. Scales having 
reference to the different figures are appended to each Plate. The whole 
of the figures in Plates VII. YIII. and the first four in Plate IX. are 
represented in the lithographs as magnified 180 diameters. Fip. 6 and 6 
of Plate IX. are only enlarged 60 diameters, and have a separate scale 
below them. 

PLATE Vn. 

1.— Horizontal section of Torbanehill coal, 2 inches from the top of the 
s^am, showing a three-lobed yellow patch with its radiate lines, 
and a mass of substance in which the yellow matter is imperfectly 
marked out into rounded or angular spaces by darker bands. 

2. — Vertical section at the same part, showing irregularly elongated 
yellow and reddish patches, bounded by dark lines, running in 
the direction of the lamin» of bedding ; also a crystal, which 
polarises light very powerfully. 

3. — Horizontal section of the same block of coal 16 inches from the top, 
showing irr^ularly rounded yellow bodies with dark outlines ; 
much smaller polygonal spaces of more uniform size ; and a sec- 
tion of a rounded vegetable capsule like a spore. 

4.— Vertical section at the same part as the last, showing the yellow 
bodies elongated in the direction of the laminsB of bedding, with 
their dark-brown boundaries projecting at the free edge, like 
pieces of membrsne or fibre. 

5.— Horizontal section, and 6, vertical section, of Wemyss coal, showing 
yellow bodies witii radiate lines, similar to those in the Torbane* 
hill coal, and like them rounded on horizontal sections and 
elongated on vertical ones. 

PLATE Vni. 

1 and 2. — Horizontal and vertical sections of Methill coaL 

3 and 4. — ^Horizontal and vertical sections of Capledrae coal, showins, as 
well as the sections of Methill coal, similar yellow bodies to those 
in the Torbanehill coal, rounded on horizontal sections, and 
elongated in the direction of the laminie of bedding on vertical 
sectioxH. 

5. Shows spherical or polygonal membranous capsules, tubercular or 

EUose on the surface (spores?), found in great numbers on all thin 
orizontal sections of Torbanehill coal. 
6. — Similar bodies seen on vertical sections of the same coal. 



PLATE DC. 

TOBBAinBHILL CVAL. 

1. — Scalarifomi tiasae abundant in the Stigmarfae. 

2. — ^Horinmtal section, sbowing tlie action of heat on the npper edge of 
the flection. 

3. — ^Vertical flection, showing the rektion which exists between dense 
masses of vegetable tissue and the general structure of the coal. 

4. — ^Horizontal section, showing what appear to be bands <^ fibre with a 
reticulate arruigement. 

5.*-Vertical section passing through what appears to be a membranous 
capsule, tubercular or haity on the external surface, and smooth 
within. 

6.— Horisontal section, showing another yiew of a similar body to the 

last. 
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ORIGINAL COMMUNICATIONS. 



On /A« Occurrence among the Infusoria of peculiar Organs 
resembling Thread-cells. By George J. Allman, M.D., 
F.RJS. (With a Plate.) 

(Read at the Meeting of the Britbh Association at Liverpool, Sept. 1854.) 

In an important monograph by Cohn on the Paramceeium 
BurmriOj* this author maintains that the cilia with which the 
whole surface of the animalcnlse is covered are in reality much 
longer than their appearance in the living animal would lead 
one to believe. He founds this opinion on the fact, that 
when the animal is allowed to dry on the glass object-holder 
it is seen to bristle with long rigid filaments, which he be- 
lieves to be the cilia, really unaltered in length, though then 
for the first time become visible in their entire course ; and, 
in accordance with this view, he figures the ParamoRcium 
covered with cilia very much longer than the inspection of 
the living animal alone would justify. 

Stein, in his remarkable work on the development of the 
Infusoria,! refers to this opinion of Cohn, whom, however, he 
considers in error, in supposing the long bristle-like pro* 
cesses of the dead animalcule to represent the natural length 
of the cQia in the living. He maintains on the contrary that 
these processes are the cilia abnormally lengthened under ex- 
ternal influences ; and he states that he has . witnessed the 
same phenomenon in many other Injuioria in which he has 
always been able to induce it by the application of strong 
acetic acid, when the cilia suddenly extend themselves to 
three or four times their original length. 

While recently engaged in examining the structure of a 
nearly allied animalcule, the Bursaria Uucas^ Ehr. — a green 
variety of which was developed during the present autumn in 
great profusion in a small pond in the county of Essex — I 
witnessed an appearance exactly similar to that described by 
Cohn and Stein; but it soon became clear to me that the 
German naturalists had erred in their explanations of it ; and 
I am now satisfied that the filaments in question have nothing 
whatever to do with the cilia, but are peculiar and very re- 
markable organs, hitherto undescribed in the Irtfusoria. 

When this animalcule is examined under a sufficiently 

♦ Siebold n. KSlliker Zeitschrift. Bnnd IH. 260. 
f Die Infofflonsthiere auf ibre Entwickelungs geschichte. (* Quarterly 
Journal of MicroBCopical Science,* Vol. ii., p. 272. 

VOL. III. N 
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high power, minute fusiform bodies may be detected thickly 
imbedded in i^ Wdlts. (Figs. 11 and 12 and 14 A, Plate X.) 
These bodies are perfectly colourless and transparent ; they 
are about the l-25()0th of an inch long, and may easily, even 
without any manipulation, be witnessed at the margin, where 
they are seen to be arranged perpendicularly to the outline 
of the animalcule, while on the surface turned towards the 
observer their extreme transparency and want of colour render 
them invisible against the opaque back-ground, and it becomes 
necesssry to crush ike animalcule beneath the covering-glass 
so as to pre«r out the green globules which it contains, in 
order to bring the fosiform bodies into view. To these bodies 
I propose to give the name of trichocysts. 

As long as the animalcule continues free from annoyance, 
the trichocysts undei^ no change, but when subjected to ex- 
ternal irritation, as occurs during the drying away of the sur- 
rounding water, or the application of a^setic acid or other 
chemicsJ irritant, or the too forcible action of the compressor, 
they become suddenly transformed into long filaments, whidi 
are projected from all parts of the surface of the animalcule 
(fig. 13) ; and it is these filaments which, being mistaken for 
cilia by Cohn and Stein, gave rise to the erroneous views just 
mentioned. 

The rapidity with which this remarkable change is effected, 
joined with the great minuteness and transparency of the ob- 
ject, renders it extremely difficult to follow it, and for a long 
time I could only satisfy myself of the fact that the fusiform 
bodies were suddenly replaced by the projected filaments. 
After continued observation, however, I at last succeeded in 
witnessing the principal steps in the evolution of the fila- 
ment. 

It is not difficult, by rapidly crushing the animalcule, to 
force out some of the trichocysts in an unchanged state. 
(Fig. 15.) If the eye be now fixed on one of the isolated tri- 
chocysts, it will most probably be seen after the lapse of a 
few seconds to become all at once changed with a pecnlmr 
jerk, as if by the sudden release of some previous state of 
tension, into a little spherical body. (Fig. 16.) In this con- 
dition it will probably remain for two or three seconds longer, 
and then a spiral filament will become rapidly evolved from 
the spfaerey apparently by the rupture of a membrane which 
had previously confined it, the filament unrolling itself so 
quickly that the eye can eearcely follow it (fig. 17),, until it 
ultimately lies straight and rigid on the field of the micro- 
scope, looking like a very fine and long acicular crystal. 
(Fig. 18.) 
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This remarkable body when completely erolred (fig. 18 L) 
consists of two portions — a rigid spicttlum-like portion acutely 
pointed at one end, and continnoas at the opposite end with 
the second portion, which is in the form of an exoessirely fine 
filiform appendage less than half the length of the spici:dom : 
this second portion is generally seen to be bent at an angle on 
the first, and is frequently more or less curved at the free end. 
The form of the eTolred trichocysts is best obserred in such 
as have floated away towards the margin of the drop of water, 
and are there left dry by the evaporated fluid. In many of 
them the filiform appendage was not visible, and they then 
merely presented the appearance of a simple, long fusiform 
spiculum. (Fig. 18 ib.) 

The resemblance of the organs now described to the well* 
known thread^cells of the Polypes, and of certain other lower 
members of the animal kingdom, is obvious. That they are 
entirely homologous, however, with these bodies we can 
scarcely yet assert. Their origin, at least, appears* to be 
different ; lor if we admit the unicellular structure of the 
Infasoria^ we have the trichocysts apparently developed in the 
substance of the cell-wall, instead of being produced in 
special cells, as we know to be the case with the thread-cells 
of the Polypes. 



Snow Crystals in 1855. By J. Glaisher, Esq., F.R.S. 

(Read before the Greenwich Natural History Society.) 

The many snow crystals which fell during the late severe 
weather, attracted such general attention, that I ventured to 
annovmee a paper on the subject for the present evening. 
Never do I recollect such an infinity of crystsds as have lately 
fallen beneath my observation. Generally speaking, they fall 
at rare intervals and very sparingly, in cold and calm weather, 
and frequently at the commencement of a thaw. In the 
present year they have faUen under all circumstances of wind 
or calm, with snow^ and alone, during the continuance of the 
late severe weather when the temperature varied from a few 
d^frees above zero to the freezing point, and up to the precise 
moment of the thaw, with a temperature of from 34° to 37°. The 
size of these beautiful objects was by no means unappreciaUe, 
and might be said to vary from 0* 05-inch to 4-l()tlis of an 
inch in diameter. Their forms were so varied, that it seemed 
scarcely possiUe for continuous observations to exhaust them 
alL I therefore endeavoured to secure observations of those 
which might be considered types of their class^ trusting to a 

N 2 
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future oppoTtonitj to extend my acquaintance with the 
separate varieties which each class included. In accordance 
with the law that water crystallizes at an angle of 60% the 
base of every figure was a hexagon of six rays. These rays, in 
passing through successive stages of crystallization, become 
encrusted with an endless variety of crystalline formations, 
some consisting of thin laminae alone, others of solid but trans- 
lucent prisms, heaped one upon another, and others goi^eously 
combining laminae and prisms in the richest profusion. 

At the beginning of the frost, the kind which was most 
common, and attracted universal attention, was of simple six- 
rayed stars, with a central molecule of snow. These fell in 
clusters of several in a group, and in their descent had the 
appearance of tolerably large and fleecy snow-flakes. The 
ground had for some days been covered with snow ; but where 
the soil was visible, they lay like ravellings of fine white 
cotton, knotted here and there, an effect produced by the 
large white molecule, the centre of each star. I chanced 
to be in the neighbourhood of Abbey Wood, when a shower 
of these fleecy-looking groups began to fall. The air was 
calm, the snow lay upon the ground, and the sky was over- 
cast. The surface of the snow was soon covered with clusters 
of these figures, beautiful in their simplicity. They were 
certainly 4-lOths of an inch in diameter, and could be readily 
distinguished. The temperature at this time was at or near 
32^. After falling about a quarter of an hour, they became 
intermingled with a variety of very complex crystals. Some 
of these last exhibited all the rigidity but harmonious pro- 
portions of geometric figures ; others the fanciful luxuriance 
of the fronds of the Lady fern ; others, again, exhibited an 
arrangement of trefoils, and some there were, with pinnae of 
unequal size, three being large and fully-developed, of fern- 
like character, and three being little more than spiculae. The 
air, during the continuance of the shower, was considerably 
cooled, and was at its coldest when these beautifully-varied 
figures were falling. Towards the close of the shower, fleecy 
groups of stars were again prevalent, the air was less cold, 
and half an hour after, when the -shower ceased, the sun was 
endeavouring to penetrate the gloom which before prevailed. 

I will endeavour briefly to describe the departures from 
the ordinary or primitive form. 

On February 8, the day of the first heavy and continued 
snow, I secured drawings of some of the most remarkable 
figures which fell in numbers throughout the day, and accom- 
panied the snow. The minimum temperature of the preceding 
night had been 29^ ; at 9 o'clock the thermometer in air was 
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32^, and the maximum daring the daj was only 32^. During 
.the early part of the morning there fell an immense number 
of hexagonal plates of ice ; some of these were of simple 
laminsB, but others were marked very beautifully with inner 
lines, and resembled in form and character many of those seen 
by Scoresby in the Arctic seas. Towards • noon, I perceived 
several of more complicated figure, of which the hexagon of 
the morning formed the nucleus. Figs. 1, 2, 3 (PI. XIII.) 
are a few of several that I sketched at this time, and were 
viewed through a lens of somewhat less power than a Cod- 
dington. Fig. 1 exhibits an arrangement of prisms, set upon 
rays of which two were longer than the remaining four. I 
have only once since met with this arrangement. 

«^ Fig. 3 was small and intensely glistening. Fig. 2 is com- 
posed of two distinct figures, of which the second or inter- 
mediate is the more simple ; I met with each singly more than 
onoe during the morning. 

Towards the afternoon, this class of figures was exchanged 
for others of an arborescent character, the six-sided lamins, 
however, still continuing to fall, but more sparingly. At long 
past midnight when I went out of doors, the crystals sparkled 
in the snow, like mica in a piece of granite, and every cobweb, 
every leaf, and knotty projection was laden with countless 
myriads of crystals, which seemed to defy every effort to 
individualize their character,, or group them into classes. 

On February 13, I made further observations. Fig. 4 is 
the only drawing I have yet completed of the several which 
fell on this day. Its diameter was about 0* 05-inch. It 
glistened brightly, and was highly crystalline. Its general 
effect was similar to the drawing, and the clusters of prisms 
round the outer boundary of the figure chiefly arrested the 
attention ; the nucleus appeared a glistening speck. 

February 16 afforded me another opportunity of continuing 
my observations. The minimum of the preceding night had 
been 23°, at 9 o'clock the temperature in air was 25°, and the 
maximum for the day was 33*8°. The arborescent form 
chiefly prevailed. 

Figs. 5, 6, 7, are well illustrative of their class, of which 
they are among the most simple types that could be selected. 
In figs. 5 and 7, the nucleii, it will be perceived, are prisms 
set around the centre, with great formality of arrangement ; 
the spicuke are surmounted with leaves ; these, for the most 
part, are serrated and slightly curved, and are set upon the 
main radii, at the same angle (that is 60°) with that of the 
prisms, with which, in figs. 6, 7 they are intermingled. 

Fig. 6 is well illustrative of an intermediate stage of 
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cr7ttallizati0B ; three of its prisms, it wtU be peroeived, are 
in a more advanced stage of formation than the other three. 
Six Edward Belcher informs me that he intends to adopt this 
as an example of iotennediate tcrystalline formation in his 
appendix to the work he is now preparing; on the meteorology 
of the Arctic seas. 

On Febroary 17, there fell an inoonceivaUe variety of 
crystals, at times accompanied with light anow, but, for the 
most part, alone. The mininumi of the preceding night was 
18^, the temperature at 9h. was 28^, and the maximum of the 
day was 33^. Figs. 8 to 15 are aome aaaong the large 
number that I was able to sketch at intervals thioughoat the 
whole of the day. Figs. 8 and 9 were very minute, but 
exhibited, as seen through a Coddington, a considerable degree 
of solidity, the prisms being either cubes, hexagonal, or cut 
with many facets. I sketched nearly twenty varieties on this 
day, and was surprised at their similarity ; they were evidently 
formations under neariy identical conditions. 

Oki February 21, I was fortunate enough to secure some 
good observations of double crystals. I bad observed many 
previously, but had not before been in b condition to recoid 
them with success. The minimum of the preceding night 
was 20 9°, the temperature at 9h. was 21°, and the maadmnm 
for the day was 30 2"^. 

I particularly noticed the two specimens, figs. 16 and 17, 
which were at least 0* 4-inch in diameter, and were composed 
of solid prisms grouped around the radii of the crystal. I have 
endeavoured to coounanicate soUdity to these figures, which 
struck me as being intensely beautiful and rich in point of 
effect. I should, perhaps, mention, in the event of the 
drawings not sufficiently explaining themselves, that a double 
crystal is that in which two crystals are united by an axis 
at right angles to the plane of each. The rays of the under 
crystal most frequently fell intermediate between, and a little 
projected beyond those of the upper. 

I have yet to speak of an older of crystals, more complex 
and exhibiting a more graceful arrangement than any I have 
yet shown to you. I refer to those which combine lamins 
and prisms with the leafy or arborescent formation. I am 
indebted for drawings of two specimens of this class to a lady 
of my acquaintance, Mrs. King, who, it will be remembered 
by the readers of the ^ Illustrated London News,' on a former 
occasion, kindly supplied to me the fruit of her observation. 
(See fig. 8.) 

The first to which I shall refer is as graceful a combination 
as can possibly be imagined, and exhibits a nucleus com* 
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posed of two hexagons, so eestred as to present a donble 
set of angles ; fnuB six of these spring the main radii of 
the figure, surmounted bj crystalline plates- or laminfe of 
(Mrs. King informs me) the greatest transparency. From 
these laminaB spring leafy tufts, which as it were, crown the 
structure. The lower part of the ray, near the nudeus, serves 
as an axis for an elongated prism, near the apex of which 
sprii^ on either side, leaflets of graceful form. Intermediate, 
and ipringing from the angles of the under hexagon, are a 
set of shorter rays, the axes of similarly elongated prisms, 
surmounted on the top by three others, the one of similar, the 
other two of dissimilar figures. It is hardly possible to imagine 
a more graceful composition, which is greatly enhanced by 
the delicacy and admirable execution of the drawing. 

The one to which I now refer, is also drawn by Mrs. King, 
and, like the other, was observed under a microscope. It 
is oomposed of leaflets and laminae, and its nucleus is a 
single hexagonal star. It is less elaborate, but scarcely less 
graceful than the former. The drawing of the figure claims 
equal merit with the preceding. I am gready indebted to 
Mrs. King for having two such graceful and elaborate 
specimens to add to the several which I have received 
from various sources, and which claim no competition with 
them, in regard to the grace and intricacy of their structural 
details. 

The last morning of the frost presented me with the means 
of accurately observing a few more facts in connexion with 
this most interesting subject. When I commenced observing 
at 9h^ the temperature was a little above 32°. A fine snow 
was then falling, accompanied with thick snowy, ill defined 
figures, such as are frequently to be met with at the com- 
mencement of a thaw. 1 examined several of these with my 
Coddington, and found them to consist of an assemblage of 
shorty half-formed prisms, set on and around a nucleus, at 
various angles. The prisms themselves were hardly angular, 
were of irregular length, and notched here and there. With 
these figures fell innumerable spiculae, which, under the glass, 
reserved themselves into prisms, with blunted angles, which 
had much the character of the icicle, and terminated in a 
i^ike. They fell singly, and were of variable length. To 
the naked eye they appeared of snowy consistency, but under 
the glass of crystalline transparency* The temperature was 
mpidly ascending. 

After a while, these figures almost entirely disappeared, 
but a leaf-like pinna was here and there to be detected: a 
remarkable calm and silence pervaded the air. At 11 o'clock. 
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with a still ascending temperature, the snow was replete with 
simple, stellated forms, chiefly of laminse. Double crystals 
were very numerous, and I secured sketches of several which 
I have not yet had time to complete. Fig. 18 represents a 
double crystal of the prevailing character. I am also again 
indebted to Mrs. King for another very beautiful and charac- 
teristic figure, which she observed on this morning; the 
minute sets of markings around the edge, have reference to a 
frosted effect, which conmiunicated additional beauty to the 
original. 

Owing to the high temperature, the figure of the crystals 
continued rapidly to change ; collapsing in the most curious 
and kaleidoscope manner possible, the upper groups of prisms 
collapsing first, the next in order next, and so on. When I 
say collapsing, I mean the sudden dissolving of three or more 
prisms into one, a change effected with instantaneous rapidity. 
The next stage of dissolution was the rounding of every angle 
that remained, and the next stage to that, the thickening and 
elongation of spicuhe, which had served as axes to the prisms, 
and which derived accession from the dissolving and half-fluid 
matter of the prisms. 

In this manner they continued to exchange one simple form 
for another still more simple, until the pristine drop of water 
occupied the site of the former crystal. 

Whilst sketching fig. 18, i saw it undeigo a variety of 
changes, until the several groups of prisms, of which it was 
composed, collapsed into the figure before you, when every 
trace of inner markings had disappeared, and the crystal re- 
mained of a watery transparency, until it finally dissolved. 
Figs. 19 and 20 are specimens in a partially dissolving state. 
From fig. 20, the upper prisms have all but disappeared ; and 
in fig. 19 midway up the pinnae it will be perceived that some 
of the prisms have already dissolved, and given place to an 
irregular and serrated spike, which somewhat impairs the 
original harmony of the figure. 

At noon the snow had all but ceased. The temperature 
attained to 37^. Cocks crew as anticipating a change ; the 
birds, which for six weeks previously had been silent, 
answered each other from the trees ; icicles two feet in length, 
which I bad noted for sixteen days previously, were fast 
melting away: all nature but the birds seemed motionless, 
as waiting the advent of a change ; and, what is rarely seen, 
the trees were dripping moisture while the snow lay like a 
rime upon their branches and bended stems. Half an hour 
after, the thermometer rose to 38"^, and a complete thaw set in. 

At 2 o'clock, the thermometer was 35'5 , small and fine 
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snow was falling, water was dripping eveiywhere, the birds 
were singing joyously, and a dead calm prevailed. 

I am not prepared at the present time to enter into any 
discussion respecting the circumstances of these formations. 
They involve, I have reason to believe, very compound con- 
ditions. As anything that I could say at the present time 
would require the confirmation of repeated observations and 
experiment, I am prepared to follow out the investigation as 
far as possible, and to defer all conclusions for the present. 



An Investigation into the Structure of the Torbanehill 
Mineral, and of various kinds of Coal. By John Hughes 
Bennett, M.D., F.R.S.E., Professor of the Institutes of 
Medicine in the University of Edinburgh. (From the 
Transactions of the Royal Society at Edinburgh.) 

The investigation, of which I am now about to give an ac- 
count, was undertaken with the view of determining whether 
the structure of the Torbanehill mineral was similar to or 
unlike that of coaL I was aware that the subject would 
be brought before a court of law, and that many scientific 
persons of great eminence had already spent much time in the 
inquiry. With the understanding, therefore, that my evidence, 
should it be required, was to be limited to the structure of 
coal and' of the mineral in question, I gave directions to Mr. 
Bryson, the optician, of this city, to make thin sections of 
attested specimens of various coals and of the mineral, coi^* 
oeiving that a careful examination of them would easily deter* 
mine the point It was soon apparent, however, that a far 
more extended series of researches was necessary than I at first 
anticipated ; but as it was also evident, from the marked 
structural differences which were observed in the sections, that 
the investigation would not be destitute of positive results, I 
determined on pursuing it to a conclusion. 

The plan adopted was, in the first instance, to make myself 
familiar with the structure of the ordinary household coals 
used in this city, of which those called the Zetland and the 
Dalkeith or Buccleuch coals may be considered as the types. 
I then examined the structure of the Wallsend, Newcastle, 
and various other kinds of household coal, in every case ob- 
serving, with magnifying powers of various diameters, thin 
sections made horizontally and longitudinally with the line of 
stratification. I next examined similarly-made thin sections 
of the Torbanehill mineral, and was struck with the remarks- 
able dissimilarity which existed between them. I now had 
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niHneranf seetioM prepared of TBiieiM cannel coals, and haviog 
previously determmed the appeaianoes presented by true coal 
and by the asiiieral, I was reisdily enabled to distinguish the 
various shades of differences between them. I saw that 
although the cannel coals, and especially one of them, the 
Blown Methil, approached in structural character to that of 
the Torbaoehill mineral, it could still be distinguished from 
ii by a practised eye ; and that although gradations exi»ted 
between these diffierent substances, there was at least one 
element which served readily to characterize all the different 
kinds of coal I bad hitherto examined, and which was not 
present in the mineral. I now went over the sections of coal 
in the rich collection of Mr. Alexander Bryson of this city, 
and subsequently carefully examined the numerous sections 
made by Dr. Adams of Glasgow. Before the trial of Gillespie 
versus Russel came on, Dr Adams, Mr. Quekett, and myself, 
spent nearly an entire day together, examining each other's 
specimens, and carefully reinvestigating the whole subject. 
It was then that the character of the ashes in the various sub- 
stances we had examined was pointed out to me by Dr. Adams, 
who, in my opinion, is entitled to the greatest credit for the 
laborious, skilful, and successful efforts he has made in deter- 
mining the structure of numerous coals, and pointing out the 
diffisrenoes they exhibited, when compared with the Tdfbane- 
hill mineral. At this meeting, also, we compared the structure 
of coal with various kinds of reoent woods ; we incinei&ted the 
mineral and certain coals, and carefully examined the ashes ; 
and there was established, as the result of this conjoined in- 
vestigation, as well as from the independent researches made 
by Dr. Adams in Glasgow, by Mr. Quekett in London, and 
by myself in Eklinburgh, the most perfect accord with regard 
to all the facts which had been elicited during the inquiry. 

At the commencement of the present session, I brought the 
subject under the notice of the Physiological Society of this 
city, who appointed a committee, composed of four gentlemen 
in addition to myself, all of whom had long been accustomed 
to the use of the microscope, and were familiar with vegetable 
and animal structures. Three of these gentlemen, viz.. Dr. 
Cobbold, and Messrs. Barlow and Kirk, made farther inquiries 
and researches, which served to elicit additional facts, and to 
demonstrate, in the language of their report, that '^ the Tor- 
banehill mineral is widely different from every kind of coal." 
Lastly, with a view of meeting certain theoretical objections 
wluch have been advanced, I have carefully examined the 
stmcture of various kinds of peat, as well sa the stems of recent 
ferns and several fossil plants, which have only served to 
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establish the entire absence of oonnexicai between these sub- 
stances and the Torbanehill mineral. 

In now endeavouring to place in a condensed fom the 
resulU of this extended investigation before the Society, I 
propose, in the first place, to deaicribe the facts, as thej may 
be easily demonstrs^ted in the field of the microscope. 
Secondly, to deduce frcnn these facts the structural element 
whidi distinguishes every kind of coal from the Torbanehill 
mineral, and ^plain the cause of the differences which are 
recorded in the proceedings of the recent trial. Lastly, to 
offer a few speculations as to the nature of this mineral, as dis- 
tinguished £tom various kinds of household and cannel coals. 

L When we examine a piece of undoubted coal, such as of 
the Zetland or Buccleuch coals, it presents to the naked eye a 
fibrous structure, and has a black shining streak. It has been 
found difficult to make thin sections of it, as in the grinding 
process it readily crumbles down. But when a tolerably thin 
slice, made in the direction of the fil^res, is with great pains 
obtained, and examined with a magnifying power of 200 
diameters linear, it is then also seen to possess a fibrous struo- 
ture. These fibres may be observed to be composed of a 
reddish-brown coloured substance^ in the centre of which is 
sometimes a dark streak. Oval and elongated transparent 
masses of a light yellow or reddish-brown colour may also be 
seen running parallel with the fibres, and here and there are 
colourless spaces, which strongly refiect light, and which are 
evidently filled with a crystalline mineral substance. 

On examining a section horizontal to the former one, 
parallel with the plane of stratification, a bistre-brown or 
blackish opaque mass is seen, containing a number of rings of 
a transparent yellowish or reddish colour, with an opaque 
centre. These rings are from the 1000th to the 1500th of an 
inch in diameter, and resemble the transverse sections of tubes 
running at right angles to the fibres of the coal. There may 
also be observed larger masses of a reddish-brown transparent 
material, varying in size from the -^th to the yinth of an inch 
in diameter. There are also visible, circles or rings of a rich 
golden yellow matter, much larger, and varying in size from 
the 50th to the 6th of an inch, which have been described by 
some as seeds or spore cases. 

Similar appearances may be observed in the Wallsend, 
Newcastle, and all the other household coals I have examined, 
although in some of them, especially Newcastle coal, this 
structure is more obscured, than in the Scotch coal, by dense 
black opaque matter. Here and there, however, in the New- 
castle as well as in the Hamilton and some other ooals, it may 
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be found to present a highly fibrous fmcture, minute chips of 
which exhibit at their edges distinctly dotted or porous ducts. 

On i»-rftminiiig the Torbanehill mineral with the naked eye, 
it is destitute of a fibrous structure, and presents a homoge- 
neous appearance in whatever way it is fractured or cut. It 
is tough and haitl to break, when compared with coal, has a 
dull brown streak, and is readily ground down into thin slices 
of any degree of tenuity. Some specimens are of a dark, and 
others of a light brown colour. The section of a dark speci- 
men seen under a magnifying power of 200 diameters, presents, 
fiirst, a number of yellowish and reddbh-brown transparent 
masses, of a rounded form with an irregular outline, varying 
in size firom the 79 « 9th to the ^i 9th of an inch in diameter. 
These are surrounded by a dark opaque substance, in which 
they appear to be imbedded, and in which no trace of struc- 
ture can be detected. These light and dark substances vary 
in relative amount in different specimens of the mineral, and 
according to the thickness of the section. In some specimens, 
the rounded transparent masses are more widely separated by 
the opaque substance, but in others, they are often so close, 
that a very thin section presents a homogeneous appearance of 
yellowish or reddish*yeUow matter, resembling bees-wax, wiUi 
only a few irregular spots of the black matter. In some sec- 
tions, especially of the light-brown specimens, the rounded 
masses, as they are ground thinner, may be seen, as it were, to 
melt into one another. In such sections, no difference what- 
ever can be made out, whether they be made in a longitudinal 
or in a horizontal direction. 

In some thin sections, these rounded transparent bodies can 
be separated from one another, and be distinctly seen to 
possess a radiated crystalline appearance, strongly reminding 
one of the crystals of carbonate of lime which occur in urine. 
At certain angles, also, a few of them refract light, and become 
strongly tinted with the orange ray when polarized, — a cir- 
cumstance perhaps dependent on the admixture of mineral 
matter. When a section of the mineral, presenting both the 
substances described, is held over the flame of a lamp, the 
yellow matter evaporates in the form of thick smoke, leaving 
the black matter unaffected, with large holes or loculi in it It 
must be clear from this experiment that the yellow matter is 
some bituminous or resinous, substance, easily decomposed by 
the heat of a lamp, and that the black matter is an earthy 
material, which resists the same amount of heat. We can 
have no doubt, therefore, that an easily volatilized and highly 
inflammable matter has concreted in the form of rounded 
masses, and constitutes the light-coloured portion of the mi- 
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neral formerly described. Whether this be chemically the 
same as, or only allied to bitamen, resin, or amber, I leave to 
be determined by chemists. But we may at least correctly 
denominate it a Bituminoid substance, that is, one which 
closely resembles, even should it turn out not to be identical 
with bitumen. The matter in which this is imbedded seems 
for the most part to be composeil of clay, or earthy matter 
which leaves a white ash, altogether destitute of structural 
traces, and is equally amorphous in whatever direction the 
section of the mineral is examined. 

Some portion of the Torbanehill mineral, however, has a 
tendency to split up into thin laminae, and presents smooth or 
irregular depressions, dependent on the presence of Stigmaria 
or other fossil plants, which, in these places, come in contact 
with, or are imbedded in, the substance of the mineral. Thin 
sections of such portions exhibit masses of a rich-brown colour, 
composed of scalariform ducts in great numbers, and occasion- 
ally the woody fibres and rings of coal. These latter are 
most common where the mineral forms a junction with coal, 
and where the one is more or less mingled, or alternates with 
the other. In these places the great difference in structure 
between them is easily recognised both by the naked eye^ and 
by microscopic demonstration. By the naked eye, the black 
shining layers of coal are easily distinguished from the brown 
dull appearance of the mineral, and wherever such coal exists, 
the strrak is dark and lustrous ; wherever the Torbanehill mi- 
neral is pure, and unmixed with vegetable matter, it exhiBits the 
dull-brown streak. In such places, the mineral is characte- 
rized, under the microscope, by its yellow masses and black 
basis ; the coal, by its rich-brown fibrous structure. Occa- 
sionally sections at the point of junction, prove that the scala- 
riform tissue, like the substance of coal, is very friable and 
easily broken down. This fact, which was pointed out to me 
by Mr. Kirk, induced him to think that the amorphous basis 
might be composed of such tissue disintegrated, a supposition 
negatived by the absence of all trace of structure through 
the mineral generally. 

From what has been said it must be evident, that there is a 
wide distinction between all kinds of household coal and the 
Torbanehill mineral ; and the correct discrimination between 
the fibrous, woody texture of the one, and the granular bitu- 
minoid, and earthy substance of the latter, will enable us to 
understand the more confused texture presented in certain 
cannel coals, which it has been contended are identical in 
structure with the mineral. 

I have examined a large number of cannel coals, and in 
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ererj esse have been enabled to reoognke the fibions structiue 
of the longitudinal section, and the appearance of rings in the 
transTene sections^ as the j are seen in household coaL Thej 
contain, howcTer, a greater or less number of the bituminoid 
masses, identical witb those which constitute the principal 
substance of the Torbanehill mineral. 

The Capddrae and brown Methil coala are especially rich 
in these bituminoid bodies, and in ecmsequence have been 
regarded as identical in structure with the mineral. In some 
sections of the latter coal, they are almost as numerous as those 
in the dark specimens of the Torbanehill mineral; but a 
careful examination will show that it also possesses the same 
organic straeture as coal, and may be at once distinguished by 
its reddish fibres, when cut in one direction, and by die distinct 
rings, though few in number, ofaserred on a transverse section. 

I consider that this proof of structure in the brown Methil 
coal, is decisive of the question as to the distinction between 
coal and the Torbanehill mineral. Every one allows, that of 
all the cannel coals, the brown Methil is the one which most 
closely resembles it It has also been reported that no diffei^ 
ence can be detected between them by the aid of magnifying 
glasses. To this I may reply, that I have always been able 
to distinguish them at once ; that I have never been deceiyed 
in doing so, although the attempt has often been made ; nor 
do I believe that any histologist who has made himself ac- 
quainted with the structure of coal on the one hand, and of 
the Torbanehill mineral on the other, could easily confound 
the two together. 

There are two other modes of examination which also indi- 
cate the broad distinction in structure between coal and the 
mineral. These are by reducing them to powder and to an aah. 

The powder of household coal contains mimerous short 
black fibres, separated or aggregated together, mingled with 
mineral particles and fragments of cells. That of the Tat* 
banehill mineral is composed of transparent yellowish masses^ 
eridently the same as those seen in section, but more broken 
up, and without any trace of an envelope, milled with firag^ 
ments and the debris of the dark amorphous mineral matter. 
This mode of examination, though distinctive between the 
household coals and the mineral, is not so much so, when the 
brown Methil coal is chosen as the subject of comparison. 

An examination of the ash, however, is still more character- 
istic. In the brown or blackish ashes of coals will be found, 
1st, A greater or less number of mineral spicule, evidently 
the skeletons of the woody fibre ; Snd, Siliceous masses of 
various irregular forms, obtained fnHa the interstices of the 
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orgtanic substance ; Svd, Bladi fibres, separated or in masses, 
evidently the woody fibre carbonized ; 4thy Flat carbonaceotts 
plates, presenting round apertures corresponding in siae to 
tbe woody ceils which passed throttgh them, and exhibiting at 
their margins sections of larger circles, which doubtless 
bounded the large resin cells in the recent wood. None of 
these appearances are visible in the ash of the Torbanehill 
mineral, when caie is taken to exclude such portions of it as axe 
free from the stigmaria or other plants imbedded in it. Indeed 
I myself have never seen such appearances in the ash, even 
when no such prec«nti<« has been taken. Dr. George Wilson 
gave me a considerable quantity of it, which everywhere ex- 
hibited nothing but an amorphous material, such as might 
result from the incineration of clay or other earthy non-organic 
substance. In all the cannel coals, traces of these forms, 
thongb not so numerous or abundant, can be seen. Mr. 
Qnekett has even applied this test to Welsh anthracite, in 
which substance no rings or fibrous structure can be made out 
in sections, yet where, he says, the ash gives unmistakable 
evidence of the presence of woody tissue.* 

U. Such, then, are the facts which an investigation into the 
structure of coals on the one hand, and of the Torbanehill mir 
neral on the other, has elicited. If the account I have given of 
them be correct, it must be evident that the diffeiences tliey 
present are marked and distinctive ; that the one is essentially 
a woody structure, whilst the other is not. Every kind of coal, 
including the brown Methil, may be at once distinguished 
from tbe Torbanehill mineral, by the rings contained in a 
well-made transverse section. I further contend that such an 
appearance constitutes, in the majority of cases, a practical 
and evident test, distinctive of genuine coal, and that by means 
of it ail kinds of known coal, whether household or cannel, 
can at once be distinguished from the Torbanehill mineraL 

Now if this be the case, it may well be asked how it hap- 
pened that, at the late celebrated trial, so many persons, all of 
•whom repreMUted themselves as being skilful observers with 
the microscope, should have been made to give diametrically 
opposite evidence, not only as to matters of opinion, but as to 
what appeared to be matters of fact? In endeavouring to 
place the remarkable histological controversy which has origi- 
nated out of the trial of Gillespie vertms Russel on its correct 
basis, it must be remembered that unquestionable organic 
structure is only present in the Torbanehill mineral at certain 
places. No one, for instance, can doubt that the scalariform 
dncts seen by all parties are of vegetable origin ; but it is no- 
* ' Quarteily Journal of Microsoopical Sdenoe,' No. VI., p. 43. 
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where pretended that these were everywhere pregent in the 
mineraL It is of great importance, therefore, not to confound 
the organic plants imbedded in a substance with the substance 
itself. The occurrence of Stig^aria or other vegetable remains 
in coal, or in the Torbanehill mineral, no more constitute 
those substances coal, than they convert sandstone and lime- 
stone into coal, in both which rocks they are also found. Nor 
do I imagine it can be generally maintained that because 
animal substances, such as teetb, jaw*bones, or the skeletons 
of fishes and lizards, are occasionally found imbedded in 
stone, that therefore they form an essential and necessary 
part of the stone itself. At the trial, great amount of 
confusion resulted from not keeping this distinction clearly 
in view. 

Thus when Mr. Quekett stated that all that which may be 
supposed like vegetable structure in the Torbanehill mineral 
disappears when the structure is thin, he was asked by the 
Dean of Faculty, ** When you speak of that which appears as 
vegetable structure, you mean those isolated fossil plants ?** to 
which Mr. Quekett unfortunately answered, '^ Yes ;*' for what 
he really meant was, not the isolated imbedded plants, but the 
structure of the mineral itself. In consequence, the counsel 
for the pursuer and for the defender truly played at cross- 
purposes throughout the whole of the structural evidence; 
for, notwithstanding the clearness of Dr. Balfour's statement, 
he was asked, after saying that the mineral consists of a plant, 
whether he bad seen fossil plants in stone ? to which he an- 
swered. Yes. But then being asked whether he considered 
that an example of such an appearance, he very correctly, ac- 
cording to his views, answered, No. 

From the published report of the trial, however, by Mr. 
Lyell, it is evident that the eminent gentlemen who contended 
that the Torbanehill mineral was a vegetable substance 
abounding in cells, did not adopt this idea because various 
plants were imbedded in it, but because they believed the 
clear rounded masses I have described were themselves vege- 
table cells. Unfortunately, the possibility of this theory being 
adopted had not been anticipated, nor was it perceived by the 
counsel for the pursuer, in consequence, the witnesses on 
the one side were made to declare that the Torbanehill mineral 
was not vegetable, and on the other that it was, without the 
true reason of this discrepancy ever having been made to 
appear. 

Dr. Balfour stated in court, that he believed the yellow part 
of the Torbanehill mineral to consist of vegetable cells ; that 
it was not the mere impression of a foreign fossil, but the 
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actual structure of the mineral at that place.* In the same 
manner Dr. Redfem, when asked, f "What do you think 
these yellow spots indicate ?" replied, " They indicate the 
existence of vegetable cells.'* The reasons he gave for so 
considering them were, " That they can be perfectly isolated 
— ^they project upon the edges of all sections of the mineral — 
they are rounded — they are as uniform in size as the cells of 
other vegetable structures — the general appearance of the sec- 
tion is that of a piece of vegetable cellular tissue — the yellow 
spots do not act upon polarized light, or act upon it very 
feebly." 

Dr. Greville, also, speaking of the same bodies, said4 that 
" he had no more doubt of their being vegetable cells than he 
had of his own existence ;" that " in one specimen it was so 
unequivocally marked, and so regular, that it might be com- 
pared to that of a recent "plant ;" and that " no person accus- 
tomed to botanical sections would hesitate in believing it to 
be cellular tissue." 

From these quotations it must be evident that both parties 
saw the same things, but that while on one side it was con- 
tended that they were not vegetable cells, but bituminoid 
masses imbedded in clay, on the other it was strongly asseve- 
rated, in the language I have quoted, that because they were 
vegetable cells, therefore the Torbanehill mineral was a fossil 
plant. But in consequence of the reason of this difference in 
opinion not having been distinctly brought out in examination, 
the greatest confusion seemed to prevail in the minds of judge, 
counsel, and jury; and it was thought that the witnesses 
for the defender being skilful botanists, were enabled to see 
what the witnesses for the pursuers did not see. This result, 
as well as the confusion occasioned by the examination of the 
witnesses, is evident from the observations made by the learned 
Judge to the jury, from which I shall take the liberty of 
quoting : — 

" One general remark may be made on the microscopic 
testimony, and it is, that there are those who see a thing, and 
also those who do not see it — those who do see it, cannot see 
it unless it is there, and those who cannot see it do not see it 
at all. But very skilful persons looking for a thing and not 
seeing it, creates a strong presumption that it is not there. 
But when other persons do find it, it goes far to displace the 
notion that it is not there. But there is another observation 
on the microscopic evidence that occurred to me. I do not 
know whether I am under any misapprehension, but I think 

* Mr. Lyeirs Report, pp. 168-9. t Ibid., p. 170. 

t Ibid., pp. 171-2. 
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that three, certainly two, of those examined by the defenders 
are botamsti also ; and I do not think that any of those ex- 
amined for the pursuer, three of them from London, repre- 
sented themselves as botanista Now the defenders' witnesses 
are accustomed to look for plants, and can understand them 
when they see fbem. The gentlemen on the other side, again, 
looking for woody fibre or tissue, are not, as I understand, 
conversant or skilful in fossil plants."* 

Now, so far from the botanists seeing what the histologists 
did not see, it is nowhere made to a]>pear in their evidence 
that they ever observed those rings on a transverse section, 
Which I have endeavoured to show are distinctive of true coal. 
On the contrary, they contended that coal and the Torbanehili 
mineral were similar in structure, the elements of the one 
existing in the other, both containing vegetable cells ; that 
the numerous yellow clear masses observed in the latter were 
in point of fact such cells, and constituted the proof of vege- 
table organization. 

I think it of great importance to rescue the mode of inves- 
tigation by means of the microscope from all reproach in this 
case, and to point out that the discrepancy which existed is 
not one of fact, but one of inference. I hope then it will be 
evident that the true scientifie controversy is altogether con- 
nected with the question of whether these yellow masses, 
which both parties saw, described, and figured, are or are not 
vegetable cells. 

Now the view taken up by myself from the first, and which 
was also taken up by Dr. Adams and Mr. Quekett, indepen- 
dently of each other, was that they are not cells, but masses 
of a concrete bituminoid or resinoid substance, imbedded in 
earthy matter. We could nowhere discover in them any trace 
of cell-wall or contents. Their mode of fracture was more 
crystalline in its character than anything else ; they occurred 
confusedly together, and nowhere presented that definite 
arrangement to one another, or to ducts and woody tissue, 
which exists in plants. Numbers of them present no envelope 
or definite boundary, but are scattered through a substance 
often more than two feet deep, extending for acres, and it may 
be for miles. If these yellow masses be cells, what is their 
origin? They cannot come from the woody tissue of the 
neighbouring coal, for, as we have endeavoured to show, such 
coal is destitute of them. The rings in coal are much smaller 
in diameter, are of regular siee, and present the character of a 
tube cut transversely. Such rings could never be confounded 
with the yellow masses of the mineral. But supposing these 

* Mr. Lyell's Report, pp. 238-9. 
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latter to be cells, could such multitudes of them be derived 
from the gigantic ferns of the coal formation, or such as are 
imbedded- in the mineral ? I think not ; because the amount 
of scalariform and woody tissue is too disproportioned to the 
number of the cells to favour such an idea. Besides, what 
kind of force or power could have been in operation that would 
have separated and €X)llected the delicate cells, and left the 
ducts aild other tissues of the plants by themselves, and out of 
sight throughout such enormous masses. I have carefully 
examined the cells in large ferns, and observed the singular 
markings of cellular tissue, woody fibre, and scalariform ducts, 
many of them present, visible even to the naked eye, — than 
which nothing can be more unlike the Torbanehill mineral. 
The cells themselves are also larger, of more uniform size, and 
contain numerous starch granules ; whilst the true resin cells 
are exceedingly large and distinct, strongly analogous, indeed, 
to what I have described as existing in the woody texture of 
coal, but wholly dissimilar to anything observable in the Tor- 
banehill mineral. Such a view, indeed, would, it seems to me, 
lead to the extraordinary conclusion that this mineral is com- 
posed of a vegetable tissue, more cellular than any plant ever 
yet met with, recent or fossil, and so rich in cells as to be 
wholly dissimilar to what we can even imagine to have existed, 
taking its size and bulk into consideration. Such masses of 
cells could not have been formed or nourished without ducts 
passing through them, in various definite directions, to convey 
a nutritive fluid ; and yet we find such ducts only to be acci- 
dental, and only distinctly connected with plants imbedded 
here and there in the general mass. 

Whilst, then, the notion of these yellow masses being vege- 
table cells, seems to me opposed to every known or conceiv- 
able fact yet ascertained to exist in vegetable histology, or 
from such as are demonstrable in the Torbanehill mineral, the 
theory of their being bituminoid masses imbedded in clay, 
appears to be in perfect harmony with all of them, and espe- 
cifldly answers the reasons given by Dr. Redfem. 

With a view of determining whether the Torbanehill mineral 
could by any possibility be produced by a process similar to 
that of the formation of peat, which was described at the last 
meeting of the Society by Dr. Fleming,* I have examined 
various specimens of peat, and have confirmed his description. 
They consist of mosses, especially of the Sphagnum, the spiral 
cells of which plant are peculiar, and easily recognised, asso- 
ciated ' with broken-down woody tissue, root-stalks, and 

♦ ProoecdingB of the Royal Society of Edinburgh. Session 1853-4, 
p. 216. 
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bundles of simple ducts, more or less carbonized and con- 
densed together. The deeper the peat is taken from the bog, 
the more condensed, broken up, and altered these textures 
are ; still, however, sufficiently retaining their characters to be 
readily distinguishable. The peat of Scotland between this 
and Glasgow, and that of the north of Ireland, of which I 
have examined numerous specimens, taken from mountain 
bog, as well as the flow bog, are identical in structure. One 
specimen of peat, however, given to me by Dr. Traill, which 
he obtained in Lancashire, and which answers in description 
to what is called Pitch Peat, is blacker in colour, the carbo- 
nizing process is more complete, and the vegetable tissues less 
distinct. But here and there, in a thin section of this peat, 
there exist rounded masses of the same bituminoid character 
as are found in the cannel coals and in the Torbanehill mineral. 
This fact confirms the theory formerly advanced, that these 
bodies are not cells, but a concrete bituminoid substance, pro- 
bably derived from the beds of coal in Lancashire, in the 
immediate neighbourhood of the peat. 

We may therefore conclude that every kind of coal has a 
distinctly woody basis, which is easily demonstrated by its 
longitudinal and transverse sections ; that the oannel coals 
have, in addition to this woody structure, a gpreater or less 
number of the bituminoid masses imbedded in it ; and that the 
Torbanehill mineral has no such woody texture, but is essen- 
tially composed of the bituminoid masses imbedded in clay. 

in. In the third place, the theory which I am disposed to 
put forward as most in harmony with the various facts and 
arguments previously stated, is as follows: — 1st, That the 
various organic appearances found in the sections and ashes 
of coal are explicable by the supposition that coal is wood 
chemically altered, and for the most part coniferous wood, or 
wood allied to it in structure, because, from a careful compa- 
rison of recent fir-wood with the various kinds of coal, I find 
the structural appearances of the cellular tissue, resin cells, 
and ducts, to be very similar. Further, no fir-wood growing 
in this country contains spiral ducts ; and it is remarkable that 
no traces of such ducts are to be found in any of the coals I 
have examined. Further, the assumption that coal is formed 
from fir or allied woods, not only explains its structure, but 
accounts for the large amount of bitumen, resin, or inflamma- 
ble matter it contains, resin being a well-known abundant 
product of the coniferous tribe of plants.* 

* In the above passage, I have carefully avoided any^exprcMon which 
would suggest the notion that in my opinion the wood from which coal is 
formed, is exchmveli/ coniferous wood. I believe that, with regard to the 
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2nd, The Torbanehill mineral, although it presents essen- 
tially no traces of vegetable structure, is rich in the bituminoid 
substance; — a circumstance, I think, explained by the fact 
that it is found in the neighbourhood of coal, so that the bitu- 
minoid or resinoid matter formed in the partially- wood j struc- 
ture of the latter has flowed out, mixed itself with, and 
solidified in the essentially earthy substance of the former. 
It is easy to conceive how enormous pressure, conjoined with 
chemical change and heat, may have effected this, and how 
sometimes such fluid bituminoid matter may have run into 
neighbouring beds of peat, of clay, or even of sandstone. 
Facts, indeed, are not wanting to show that occasionally large 
collections of such substance, almost pure, may be formed, 
unmixed with either peat or clay, of which the remarkable 
specimen I now exhibit to the Society, taken from the Binnie 
Quarry, and for which I am indebted to Dr. Christison, is an 
example. Fragments of this substance, under the microscope, 
closely resemble the yellow masses which exist in the Tor- 
banehill mineral. 

In conclusion, I would remark that the controversy on this 
subject is only an example of a far more extensive one which 
is now everywhere taking place throughout the natural sciences, 
in reference to the influence which more improved methods 
of research in chemistry and histology should exercise on our 
thoughts and nomenclature. Those who, with myself, recog- 
nise that differences in structure indicate differences in func- 
tion, and that these should be studied as the foundation for a 
correct classification, will recognise in the question, what is 
coal ? an analogue to the questions, what is wood or coral ? — 
what is bone or tooth? — what is a fibrous or a cancerous 
tumour ? The progress of science, and especially of micro- 
chemistry, has already answered some of these questions, and 
will ultimately determine others ; and in doing so, will over- 
throw the more vague and incorrect views and terms which 
previously prevailed. At the trial, indeed, it was very plau- 
sibly ai^ed, that, in a bargain between man and man, scien- 
tific terms were of no value, and that a whale among whalers 
was still a fish.* But in this Society, as no naturalist, con- 



varieties and even genera of the plants of the coal-formation, there is still 
much to he discovered. But so far as my examinations have gone, the 
appearances observed warrant the general inference stated in the text, one 
which has also heen arrived at hy Mr. Quekett. (* Mic. Journal,' No. vi., 
p. 42.) . The important fact to he kept in rememhrance is, that coal is 
fossil or transformed wood, whilst the Torhanehill mineral, and all the 
shales which I have examined, are not. 
♦ Mr. Lyeirs Report, p. 231. 
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versant with the structare and functions of a whale, would for 
a moment suppose it to be a fish, because it inhabits the 
water and resembles one; so I contend no histolog^st, ao- 
quainted with the structure and properties of the Torbanebill 
mineral, ought to maintain that it is coal, because it is dug 
out of the earth and bums in the fire. 
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Observations on Noctiluca {miliarisf). By Dr. W. 

BuscH.* 

The following observations upon the structure and repro- 
duction of a species of Noctiluca were made by Dr. Busch in 
the year 1849, and will be found in his work cited below, 
which was published in 1851. With respect to the structure 
of the animal, they perhaps present nothing in addition to 
what has already been made known to our readers in the 
Papers by Mr. Huxley and by Dr. Webb, in the present Volume 
of the * Journal ;' but as regards the reproduction and de- 
velopment of the Noctiluca^ they afford several new points, 
and it is for that reason that we have thought it might be 
useful here to introduce them, and the more so, as it would 
seem these remarks by Dr. Busch had escaped the notice of 
Krohn,t as well as of Mr. Huxley $ and Dr. Webb.§ The 
species noticed by Dr. Busch occurred in great abundance in 
the Bay of Malaga, and is regarded by him, but we think, 
perhaps, erroneously, as distinct from N. miliaris. He 
terms it N. pufictata, from the circumstance that the integu- 
ment was covered with very numerous minute pigment-points ; 
but the resemblance of his figure to iV. miliaris is so striking, 
and the structure, so far as he describes it, so closely identical 
with that of the latter, that no doubt can be entertained as to 
the identity of the two forms. 

" These animals, as is well known, consist of a rounded disc of a gela- 
tinous consistence, like that of the Medusae. At the upper part (fig. 1, a, 
PL X., Mic. Jour.), the horders are curved inwards and downwards, so 
that, whilst on the under side the contour is continued uninterruptedly, 
a sort of hUus is formed above, from the middle of which a straight, sharp- 
bordered rod, &, extends directly inwards and downwards, being prolonged 
into an acute point. At the point where the above-mentioned curved 
borders meet is situated a brown, round body, c [nucleus], from which 
numerous branched fibres extend towards the periphery. The solitary 
motile organ of the animal arises from about the same point. This is a 
band-like filament, d^ about as long as the diameter of the body of the 
creature, and exhibiting numerous transverse lines, which give it a striated 
appearance, but never extend across the entire width of the filament. The 



* Abstracted from * Beobachtung. iib. Anat. u. Entwickl. einiger wir- 
bellosen Seethiere,' p. 103. Berlin, 1861. 
t Wiegmann's Archiv., 1852, p. 77. 

X * Quarterly Journal of Microscopical Science,' Vol. iii., p. 49. 
} Ibid., p. 102. 
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Animal movea this sort of proboscis alowly backwards and forwards. 
(.)|)inioTis are much divided as to whether an opening, or sort of mouth, 
exists in this hiltis, or whether the creature is unfurnished with such an 
organ." 

Though he has not seen it, the author believes there must 
be an entrance. 

" From the few data," he goes on to say, " afforded by the study of the 
development of this curious creature, it may, however, be shown that an 
inversion or invagination takes plaoe in this situation, and consequently 
that an entrance must exist. 

" As regards the interior of the disc ; in some individuals it was per- 
fectly empty, but in others, several brown bodies existed, as seen in fig. 1/, 
sometimes of a rounded, sometimes of an oval or hour-glass shape. Occa- 
sionally they were in such close apposition with the nucleiform body, that 
the latter appeared to be continued into them ; but they might also be 
noticed perfectly free in the interior. The structure of these bodies is 
shown in fig. 8 : it represents a cell with homogeneous walls, and contain- 
ing a large, coarsely granular nucleus. Among numerous perfect Nocti- 
luccRy some were met with composed ap])arently of nothing but an empty 
membrane, and whose true nature could only be recognised from the 
presence of the proboscis. In the interior of these sacs were found minute 
corpuscles, such as are represented in fig. 2 ; viz., oval discs, with a 
nucleus occupying nearly the whole interior. The colour of these bojy.es 
corresix)nded with that of the minute globular bodies, which were noticed 
in the interior of the old Noctilucce, but from which they were distin- 
guished by the homogeneity of the substance of the nucleus. Occasionally, 
though more rarely than the above, these sacs contained germs somewhat 
farther advanced in their development (fig. 3). The most important 
change apparent in these is the existence of a process as yet obtuse. 
These bodies occurred more abundantly in the free state, swimming about 
among the other NoctUucce, than those contained in the sacculi ; and their 
farther development was observed to take place as follows. The obtuse 
process becomes pointed, and on its side is formed a minute appendage, 
arising from the opaque nucleus, and resembling in structure and relations 
the proboscis of the adult animal (fig. 4). It is thence evident that the 
nucUus represents the brown nodule in the hilus of the mature NoctUucaf 
and that the motile filament arises from it. It might now be expected 
that the round disc simply increased in size, and that the other organs 
were developed in its interior ; but it would appear that the entire organism 
is subjected to remarkable transformations before this result is attained to. 
As the disc increases in size, the pointed process becomes elongate out- 
wardly (figs. 5 and 6) ; and in its interior appears a structure resembling 
the ' rod ' which we have described as existing in the NoctUuca ; but the 
direction of the rod at this time is exactly &e reverse of that in which 
it is placed in the adult animal. For whilst in the latter, starting from 
the brown nodular body, it stretches towards the periphery of the disc 
farthest from the nucleus^ in the former it projects straight out from it. 

'* At the same time also the border of the disc loses its evenness, and 
aequires angular processes of the same colour and consistence as the disc 
itself (figs. 5 and 6). Viewing all these figures, it seems most probable 
that the form of the large animal is developed out of them in the follow- 
ing way. As the disc continues to grow, the * rod' must be reverted on 
itself, and the processes of the disc having at the same time become longer 
and broader, must close over it and unite. The animal would thus be 
perfected ; and, upon any other supposition, it is not easy to see how the 
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' rod * should come into the proper position ; or what function is performed 
by the projecting processes.*' 

The full elucidation of this very interesting point was pre- 
vented by the interference of the highly enlightened port- 
officials, who feared that the author's researches in Marine 
Zoology would be injurious to the interests of the Spanish 
people. 

The fragmentary observations in 'development made by the 
author were too scanty, as he considers, to lead to any de- 
finite result. *' The most important point appears to be 
to determine whether the genus found m the empty scuxtdi 
are identical with the brown corpuscles met with in the 
interior 'of the old Noctiluca. From their size, this might 
certainly be supposed ; but in that case, the originally granular 
contents of their nucleus must be transformed into a homo- 
geneous substance. It is probable, therefore, that the brown 
bodies, which at first make their appearance on the nodular 
mass, may be gemmcB^ which are subsequently detached, and 
after remaining for a time in the interior, undergo further 
development.'* (?) 

In fig. 7 is represented an animal apparently referrible to 
Nodiluca, and which might readily be imagined to represent 
a gemmule fully developed on a perfect Nactiluca^ which had 
pullulated on the disc itself, and only required to be detached 
to become an independent individual. But the author is 
rather inclined to believe that it is only an abnormity, a double 
monster ; for if a germination of this kind really took place in 
this class of animals, it would be very remarkable that only a 
single instance of it should be presented, among the innu- 
merable multitudes of individuals brought under the author's 
observation. 

*^ Among the NoctiluccB taken during the three days," in 
which he was permitted to continue his researches, '' there 
occurred bodies of another kind still (fig. 9), which, like the 
NodiluccB^ floated on the surface of the water, and were of 
exactly the same size and consistence, although they presented 
organs of far smaller dimensions. Some specimens also shone 
in the dark like the NoctiluccB, They were minute gelatinous 
discs, nearly perfect spheres, quite transparent, without fibres 
or filament ; the greater part of their bulk was entirely homo- 
geneous, except that on a very small segment of the upper 
surface might be remarked numerous yellowish processes. 
Most of these processes were rounded, but some had a very 
fine point, into wliich they were prolonged above, being 
attached by a wider base below (fig. 10). The only indica- 
tion of structure in them were minute round granules. That 
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tfaeie bodies were animal existences, is perhaps indubitable, 
from their phosphorescence; but in what connexion they 
stand with respect to the Noctilucce^ associated with which 
they occurred in large number, cannot at present be deter- 
mined." 



Untersuchunqen ueber die Entwicklungs-geschichte der 
MiKROsKOPiscHEN Aloen und PiLZE. Von Dr. F. Cohn. 
(Researches on the Development of the Microscopic Algae 
and Fungi. By Dr. F. Cohn ; pp. 153 ; 6 Plates. Bonn, 
1854. 

Thb importance of the study of unicellular organisms, as 
leading in the -most ready and complete way to a knowledge 
of the ^' cell," the foundation of all scientific acquaintance 
with the real nature of plant life is so obvious, as to have 
attracted a great number of followers. 

The fresh-water Algae, especially, afibrd abundant and 
readily attainable materials for this study, and have, conse- 
quently, formed the subjects of numerous writings. Amongst 
those who have distinguished themselves in this field, the 
name of Dr. Cohn will ever be held in deserved honour. 
He has, for many years, as he says, devoted himself to this 
study; and, especially, to the remarkable propagation of 
most of these Algae by means of motile cells (swarm-spores) ; 
a mode of reproduction which has been observed in most of 
the fresh-water species. The same phenomenon has also at- 
tracted the attention of numerous other observers, and been the 
subject of several memoirs. Among the more important of 
these, exclusive of Dr. Cohn's, may be noticed the observations 
respecting it contained in Dr. Braun's remarkable work on 
^ Rejuvenescence in Nature,' of which a translation by Mr. 
Henfrey has lately been published by the Ray Society ; and 
the ' Recherches sur les Zoospores des Algues et les Anthe- 
ridies des Cryptogames ' of M. Thuret. The appearance of 
these independent memoirs appears to have turned Dr. Cohn 
from his original intention of publishing a special treatise on 
the 'Swarm-cells of the Algae,' and to have decided him 
merely to give separate essays on those points appearing to 
him to demand further attention ; his former monograph on 
the ' Development of Chlamydococcus {Pratococcus) pluvialiSy* 
of which an abstract has sdso been published by the Ray 
Society with figures ; and his Memoir in Siebold and 
Kolliker's Zeitschxift f. wiss. Zool. ' On a new genus from the 
family of the Volvocina,' of which a translation has appeared 
in the 'Annals of Nat. History,' 2nd series, Vol. x., p. 321, 
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are the more important of these essays that hare yet appeared^ 
and should be attentively studied by all who are desirous of 
becoming acquainted with the matter. 

The present work is, in fact, a collection of shorter essays 
having more or less direct reference to the same subject, and 
will be found to contain a vast amount of important and 
interesting information. 

The subjects treated of 



1. On the relation of the microscopic Fungi to the microscopic Algas. 

2. On Chytridiumy and some allied genera. 

3. Observations on G<mimn pectcrdUy and the Yolvocina in general. 

4. On the propagation of Bydroduiyon tdricuUUum^ together with 

some remarlu on " swarm^ells *' in general. 

5. On the germination of Zygnema and AnaboB^ia, 

These papers are illustrated by figures of 



AntJiopkysa Mutleri, 

Zooglcea {vibrio) teiifno. 

Spindina pUcatUis (Spiroch<Fte, p., 

Ehr.) 
SpiruZina Jenneri. 
I^medra puirida^ n. s. 
Chlamydomonas hyalina (^Pdytorna 

uveUay Ehr.) 
Chytridium globomim, A. Braun. 
Peronium aviculare^ Cohn. 
Achiya prdifera. 
Spirogyra nitida. 



Zygnema steUinum, 
Closterium Lunula, 
Mougectia genuflexa f 
AnahoBnaintricaUif 
Achiya capitul^era, 
Chkmydococcus pluvialis, 
Gonium pectcrale. 
Chlamydomona$ puivisculns, 
Hydrodietycn titriculattim. 
(Edogonium capiUare, 
Cladophora glomerata (monstrous 
spores of). 



1. On the relations of the microscopic Fungi to the micro- 
scopic Algse. 

The result of his study of the lowest forms has led Dr. 
Cohn to the conclusion, that no sufficient reasons derived from 
morphol(^ical and developmental considerations exist for the 
separation of the Algae from the Fungi. Though the distinc* 
tion between the Thallophytes and Cormophytes of Endlicher 
is sufficiently definite, the three classes into which the former 
have, since Linnaeus, been subdivided, viz., the Algse, Fungi, 
and Lichens, are by no means so well defined as, for instance, 
the Mosses from the Ferns, or the Equisetaceae from the 
Lycopodiacesp. It would seem as if the multitudinous class 
of l*hallophytes constituted, CTganologicaUy^ but a single 
indivisible kingdom, and that the above three provinces 
were characterized merely by the more or less developed, and, 
it must be confessed, widely different forms^ and in no way 
by any intrinsic difference of type in the vegetative or repro- 
ductive organization. 

The Algae, as usually understood, like most other plants, 
are capable of appropriating, by an innate power, the materials 
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requisite for the muntenance of their oi^gianism, from the 
elements carbon, oxygen, hydrogen, and nitrogen, and some 
oxides and salts, which are afforded to them in the surround- 
ing medium, in the fonn of carbonic acid, ammonia, and 
water ; they do not, therefore, require any organic nutriment, 
but are enabled to vegetate in pure water ; they can decompose 
the water or the carbonic acid, and evolve oxygen in the 
sunlight, acquiring at the same time a green or red colour, 
from the development of chlorophyll or some analogous 
colouring matter. The Fungi, on the other hand, like 
animals and most parasitic plants, have not the power of 
spontaneously producing, from inorganic nutriment, the 
materials requisite for the maintenance of their vital pro- 
cesses — ^these must be afforded to them in the form of already 
organized compounds ; they cannot, therefore, flourish where 
this nutriment is not afforded to them, either in a living or in 
a dead and decaying organism, or at any rate in water in 
which a considerable amount of organic matter is not dissolved, 
as in an irifusian ; they evolve no oxygen, and do not become 
green in the light Partly, from the latter circumstance, 
Nageli distinguishes the Fungi from the Algae by the want of 
chlorophyll, or some analogous colouring matter. But that 
the presence or absence of chlorophyll affords no sufficient 
character to distinguish the one class from the other, is suffi- 
ciently obvious, when we consider the variableness exhibited 
in this respect, in several classes of plants, especially in those 
of parasitic habits, many of which, it is true, are colourless, 
but others, such as the Santalacese, Rbinanthacese, and Loran- 
thaceae, have chlorophyll in abundance ; whilst others again, 
not of parasitic nature, or not known to be so, as many of the 
Orchids, are colourless. The presence also, of chlorophyll in 
many of the ^ Protozoa,' as Hydra viridis^ Bursaria viridis^ 
&c., is sufficient to indicate the uncertainty of any character 
thence derived. The circumstance of the plants growing in 
water, or in the air, has been employed to distinguish the 
Algas from the Fungi — it being stated that the former inhabit 
water, and that the latter flourish only in the air ; but that 
this distinction is untenable is at once obvious, when it is 
remembered that it often happens that of species even in the 
same genus, as Vaucheria^ Uhthrix^ Protacoccus^ &c., some 
vegetate in water and others in the air. 

The difficulties which attend the separation of the lower 
Alg(B and Fungi have led several authors, as Kiitzing, to 
propose, for some of them, the erection of a group termed 
MycophycecB^ under which he includes those TliaUopkytes 
which agree with the rest of the Fumgi in their vital con- 
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ditions, and consequent want of colour, and are only distin- 
guished from them by the unessential circumstance of their 
Uving in water. But a close investigation of the genera 
included under the above term, will show, beyond any doubt, 
that nearly all the forms of water-fung^ are so closely allied 
to algan genera, that, with the exception of their. wanting 
colour, scarcely even a generic distinction can be drawn 
between them, and much less one of family. 

Thus the only difference between HygrocrocU^ a so-termed 
water-fungus, and Leptotkrixy consists in the circumstance 
that the immotile filaments of the latter contain phj/cochromy 
whilst in the other the contents are colourless. But whilst 
Lepiothrix is, perhaps, inseparable from some forays of 
Oscillaria, notwithstanding the motility of the latter, so in 
the same way do the colourless immotile filaments of the 
genus Beggiatoa come under the class of water-fungi, close to 
the various forms of Hygrocrocis. It has already been 
remarked by Nageli that the yeast-fungus corresponds in 
form and mode of germination with the algan genus Exococcusj 
Sarcina is morphologically identical with ChroococcuSy and 
that, in its vegetative and reproductive condition, Aehlya 
corresponds with Valoma or JBtyopsts* 

With respect to the genus Stereanema, Kutz., Dr. Cohn 
proceeds to show that the filamentous growth so named, is 
not an Alga or Fungus at all, nor in fact any kind of inde- 
pendent organism, but that they are the stems of an infusorium 
— the Anthophysa MuUeri^ Bory. 

The bunches of apparent spores at the extremities of these 
filaments are regarded by Dr. Cohn, though apparently not 
without hesitation, as identical with the Uvella uva of Ehren- 
berg; and, consequently, they are in his view to be looked 
upon as belonging to the animal kingdom, for he seems, like 
many other German observers, still to adhere to the exclusively 
animal nature of many of the Ehrenbergian Manadina, 

The loss thus inflicted upon the vegetable kingdom by Dr. 
Cohn, is, however, compensated by the addition to it of part 
at least of the Vibrionia. The animal nature of these minute 
creatures has, hitherto, never been disputed ; but Dr. Cohn 
sees reason, and affords what appear to be good grounds for 
it, to believe that several forms of the Vibrionia may be 
certainly shown to belong to the vegetable kingdom. 

The form which seems to have constituted the principal 
subject of Dr. Cohn's researches in this respect, is that known 
as Vibrio lineoUiy Ehr., but which was separated from the other 
Vibriones by Dujardin, under the name of Bacterium termo. 

The result of his investigations is, that the corpuscles of 
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Bacterium termoy Duj. (Vibrio iineola, ^hr.), represent the 
developmental condition of a plant ; that they .are, in fact, the 
liberated, self-motile cells (swarm-spores) of a Afycaphyceauj 
closely allied, morphologically, with l^almella and Tetraspara. 
He Las been unable, however, as yet to discern any motile 
cilia in them. He proposes a new name for this form — 
Zoofflcea^ with these characters. 

Cellulse minimie, bocillifonnes, hyalinas, gelatina hyalina in massas 
mucosas globosas, uyasformes, mox membranaoeas consociatse, dein singalaB 
elapssB, per aquam vacillantes. 

Syn, FalTneUa In/usionum^ Ehr. ; Mkraioa teres^ V. Flotow ; Bacterium 
termOf Duj. ; Vibrio lineola, Ehr. 

The general results of his researches on the subject of the 
Vibrionia are thus summed up. 

1. The Vibrionia all appear to belong to the vegetable kingdom, 

since they exhibit an immediate, close relationship with manifest 

2. From their want of colour, and their occurrence in putrifyiiig 

infusions, they belong to the group of MycoiJiyceoi. 

3. Bacterium termo is the motile swarming form of a genus (Zooglced) 

closely allied to Palmella and Tetraspora, 

4. Spirocheete plicatilis belongs to the genus Spirfdina, 

5. The elongated, motionless vibriofies ( V. baeiUus^ &c.) are allied to 

the more delicate forms of Beggiatoa (Oscillaria). 
G. The shorter Vibrioues and SpirUli correspond, in form and in 
their movement, with the Oscillai-ice and SidrulincR; but no 
definite opinion can be given as to their true nature. 

The relationship of the Oscillariae with t!ie Vibrionia was 
noticed even by the earliest observers. Thus O. F. Miiller 
termed a SpirulinUy Vibrio serpens; nor has the analogy 
between them been overlooked by Ehrenberg and Perty. 

Dr. Cohn goes on to describe the great resemblance between 
Ehrenberg's Monas prodigiosan the cause of the phenomenon 
termed '^ blood in bread," and Bacterium or Zooglcea termo. 
The main difference between the two consisting in the shape 
of the former, which is more spherical or ovoid than bacilli- 
form, and its purple-red colour.* Allied with this are the 
masses of Vibriones, which, according to Mitscherlich's 
observation, appear on rotten potatoes, as a kind of ferment, 
and have the power of dissolving cellulose (Monatsb. d. B. 
Ak., March 1850). All these forms appear to be closely 
allied to ZoogUsa termo^ if not generically identical with it. 

According to Cohn there is not the slightest difference 
heivfeen Polytoma uvellaj Ehr., and Chlamydomonas pulmsculus. 

The general summary of bis inquiries may be thus stated — 
That most of the MycophycecBy agree in family, and even in 

* Ui)on this subject vidt Fresonius, * Bcitriige ziu* Mycologic* Part I. 
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genus with certain fresh-water Algs. Whence it follows that 
that class in general is not a natnral group, but an assemblage 
of plants of various natural families and genera, joined 
together by a single artificial character. 

In this way the Cryptococcaces will be arranged under the 
Palmellaceae ; the Septomiteae, under the Oscillarieae and 
Septotrichese ; the Saprolegnieae under the Vaucherieae ; some 
genera would be abolished altogether, such as Hygrocrocis^ 
whose species must be regarded as colourless species of 
Leptothnxy and those of Beggiatoa as colourless Oscillaria : 
and as Spirochate^ which is identical with SpiruKna plicatilis ; 
Vibrio bacilltis would probably be termed OsciUana bacUluSy 
&c. 

2. Cohn's observations on the subject of Chytridium and 
some allied genera are of particular interest in several respects, 
and especially with reference to the important matter of the 
connexion between parasitic Fungi and certain diseased condi- 
tions in plants. The extraordinary prevalence, of late years, of 
epidemic diseases attacking nearly all cultivated plants, and 
many of which have been observed to be accompanied with 
the development of Fungi, renders the determination of the 
true relations of the one to the other a point of extreme 
interest and importance, not only in a scientific, but also in an 
economical sense. To the ancient and well-known pests of 
^ rust ' and ^ smut ' have been added, it may be said, within 
a few years, the more destructive potato — and vine — oisease ; 
but other important cultivated plants, as the olive — orange — 
beet-root, as well as timber -trees, belonging to the Coniferous 
family especially, have also suffered in a similar way. 

Disease of this kind has been by no means confined to 
cultivated plants — these epidemics are not limited to plants 
useful to mankind — their ravages may be witnessed among 
the useless and noxious members of the vegetable kingdom, 
to an almost equal extent with the highly-prized objects of 
human cultivation. 

A remarkable instance of this is afforded in the present 
Memoir of Cohn. And his observations will go very far to 
solve any remaining doubts as to the true nature of the 
relations between the parasite and the disease. Inasmuch as 
the victim and the destroyer are both plants of the simplest 
kind — in fact, unicellular algie, in which the whole process of 
the invasion and its effects is plainly submitted to the eye. 
The main question to be determined is, whether the fungus is 
to be regarded as the cause of the disease, or whether the 
disease is, as it may be termed, the cause of the fungus. In 
the former case, the appearance of the Fungus or its spores 
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would be seen to precede the outbreak of any morbid pheno- 
menon, and in the latter, the reverse would be observable. 
Other influences of a more general, external, chemical, 
physical, or it may be, cosmical nature, must, doubtless, 
concur, to render the disease, however produced — truly 
epidemic — but these are not now the subject of inquiry. 

The decision of the question as above stated is obviously 
extremely difficult, if not wholly impossible, in the higher 
plants, owing to the complexity of their structure, and the 
inability we labour under of tracing microscopically the entire 
course of the disease, from its first appearance to its termina- 
tion. 

An observation, therefore, which Cohn states, he made in 
the year 1852, of a disease attacking unicellular plants, is of 
the greatest interest ; he observed a sort of epidemy to break 
out among some Desmideae which he had kept in a flourish- 
ing condition for some time. The consequence was, that the 
Clostertay especially, were nearly all destroyed with great 
rapidity. He discovered that the cause of this remarkable 
epidemic was a peculiar microscopic plant, which attached 
itself to healthy Clo9teria, living at their expense, and con- 
suming or destroying their living contents, and thus killing 
sthem. The unicellular nature of the victim and of its de- 
troyer allowed the whole proceeding to be observed through- 
out all its stages ; and thus, at any rate, one certain fact was 
established with respect to the significance of epiphytes in 
epidemic diseases. 

The matter is thus described : — " In the beginning of 
April he observed upon the dead Closteria of every species, 
spherical vesicles oi very various dimensions, the smallest 
being scarcely 1-800 '", and the largest more than 1-50"* in 
diameter. These vesicles were filled with opaque, fine-gra- 
nular but colourless contents. They were seated either 
singly, or in larger or smaller numbers upon the cell-wall ; 
on some Closteria as many as twenty might be counted." 
The granular contents of the vesicles were seen to become 
gradually transformed into motile spores or ^ swarm-cells,** 
which escaped through openings or perhaps ruptures of the 
parent vesicle, and moved about very actively in the water by 
means of a single cilium. When all had escaped, the vesicle 
was left as a colourless, hyaline membrane. 

The spores themselves resembled in shape the minute 
monadeSj and equally resembled the 'swarm -cells' of Achlya 
prolifera^ but from which they differed in their very remark- 
able motility. From this, and from their rorrespondrnce in 
form and size, Cohn regards it as probable that those Ckytri* 
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dium-^pores may be identical with Bodo salterns of Ehren- 
bergf. 

These * swarm-cells ' continued to move about in the water 
until they reach a situation suited for their further develop- 
ment, — that is to say, until they arrived at a new Closterium. 
And, what was especially remarked, they invariably attacked 
a perfedly-heakhy^ hrisMy'Vegetating indimdualy in which the 
green endochrom was in close opposition with the cell-wall. 
Having attained to its goal, the spore enters into a new stage 
of development — it becomes quiescent^ affixes itself, and beffins 
to germinate; that is to say, the cilium disappears, and the 
spore, surrounded with a rigid membrane, assumes .Ihe aspect 
of a spherical, colourless cell, whose opaque ftucleus is still 
distinctly recognizable, in close contact with the membrane 
of the Ulosterium, 

The * swarm-spore * now rapidly expands into a large 
vesicle. The nucleus undergoes a remarkable change ; it 
disappears, and is replaced by a highly-refractive drop of 
fluid, probably oil, which at first occupies the greater part of 
the cell ; this drop divides into two, then into several, and 
ultimately breaks up into numerous granules or droplets. 
When the vesicle has reached a diameter of about 1-100'", 
its contents are seen to be divided into two portions — a 
darker placed on the side at which the vesicle is attached, and 
a liffkter at the outer periphery. The former, or dark portion, 
is produced from the metamorphosis of the nucleus, and con- 
sists of numerous larger or smaller granules. This darker or 
granular part of the contents gradually increases at the expense 
of the other, until at last the whole cell is filled uniformly 
with it. When this has taken place, the reproduction com. 
mences, the granular contents of the vesicle being broken up 
into a vast number of spores, by which the parent cell is 
completely filled, as is the case in Pilcbolus and other Mu- 
corinece. In most of the fresh-water Algse, however, the 
development of spores takes place in the protoplasma lining 
the widl of the cell. 

The parasitic growth thus described, belongs to the genus 
Chytridiunij instituted by A. Braun in his Work on ' Reju- 
venescence in ^fature.** 

The most important point, however, is with respect to the 
influence exerted by the Chytridiumy in the course of its 
devdopment upon the Chsterium. 

When the * swarm-spore ' has reached a certain size, the 
contents of the Closterium begin to exhibit a morbid change. 

• Translated by A. Henfrey, and published by the Ray Society in a 
volume of Botanical and Physiological Memoirs, p. 185. A collection of 
great value to the microscopical observer. 

VOL. III. p 
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The primordial utricle retreats from the wall and contracts, 
expelling the water from its interior. The peculiarly-arranged 
Chlorophyll is detached, and begins to be discoloured ; at the 
same time, the two vacuoles, filled with granules at each end of 
the Clostertumy disappear ; ultimately, the cell appears colour- 
less and empty, merely some remains of the chlorophyll 
being left, in the form of an irregular contracted saccular 
mass or masses in the middle of it. • That this morbid change 
of the cell-contents is due solely and wholly to the influence 
of the parasite, may be shown beyond all doubt. For the 
contraction of the primordial sac begins at the spot where the 
Chytridium spore was attached ; and according as the parasite 
has germinated at the middle of the frond, or at one or other of 
the ends, it is there that the contents first appear to suffer. 

It is clear, therefore, that the Chytridium is nourished at 
the expense of the Closterium ; and it may readily be con- 
ceived, that a parasite of this kind may produce a most de- 
structive epidemy among the millions of inhabitants in a 
glass of water, when it is considered that each Chytridium 
may contain 4,000 motile spores, each of which is capable of 
destroying a Closterium^ and after a few hours may itself 
reproduce the same number of spores. 

As regards the mode in which the fatal influence of the 
Chytridium is exerted, it would seem to consist not simply in 
an endosmotic action through the walls of the two cells, but 
by means of a kind of radical fibres which insinuate them- 
selves into the Closterium^ and which may probably be re- 
garded as equivalent to the mycelium of a fungus. Dr. A. 
Braun (1. c.) expressly describes these radical fibres, as they 
appear to have occurred several times to Cohn's observation, 
who has given figures of what he saw. It would thence 
seem, that the Chytridium-vesicle is attached to its organic 
basis, not simply by adhesion, but by a myceloid tissue, 
which penetrates the membrane of the Closteriumy and ramifies 
in its interior. 

The systematic position of this parasitic Jurwus^ for such it 
must obviously be regarded, unless all the IVfycophyceae are 
merged in fhe Algan order, is clearly in that onler, in the 
family of the Saprolegnieae, itself a section of the Vaucheriese. 

With respect to the relations of the ^ swarm-cells ' of the 
aquatic /u7i^' to the manades. Just as the green * swarm- 
cells * of the true alff(B so closely resemble certain astomatous 
green infusoria^ that it is impossible in many cases to deter- 
mine whether a doubtful form belong to the animal or to the 
vegetable kingdom ; so do the colourless monads in form and 
colour precisely correspond with the colourless * swarm-spores* 
of the MycophycecB, It is even probable that the number of 
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motile cSia is the same in each group ; for whilst all green 
swarm-spores have at least two cilia^ the colourless monads 
and the swarm-cells of Chytridium certainly have but one;* 
in Achlya also, Pringsheim observed but one, which accords 
with Cohn's own observation, though Thuret and De Baiy 
assert positively that they have seen two. 

To this it may be added, that a great part of the Infustoria, 
and in fact not merely of the lowest, but also of those standing 
comparatively high in the scale, enter into a quiescent state, 
in which they lose all perceptible vestige of movement and 
organizati<Mi, and become invested with a rigid, perfectly- 
closed membrane ; apparently in precisely the same way that 
vegetable swarm-cells, when germinating, secrete a tough 
cellulose-membrane. And in particular, do the true manadM 
present a condition of. encystina^ in which they cannot be dis- 
tinguished from colourless, qmescent (Jnngu^) cells. Conse- 
quently, since neither the * swarm-cells ' of the aquatic fangi 
exhibit any tenable criterion by which they can be distin- . 
guished from monads, nor the encysted monads any by which 
they can be distinguished from the germinating aquaticytfn^', 
there is no wonder that, in many cases, it is almost impossible 
to determine to which category a given organism may belong. 

Cohn, however, seems still indisposed to regard all the 
Ehrenbergian monads as developmental states of fwngiy as he 
has convinced himself, he says, of the correctness of Ehren- 
berg's observation, that many, even very minute species, when 
kept for some time in coloured water, take up particles of 
indigo. This circumstance, Cohn regards as su£Bcient proof 
of the existence of a mouth, and consequently, of the animal 
nature of the organism ; in neither of which points, however, 
do we coincide with him. 

3. The family of the Vol vocina affords so many points 
of interest and importance, that the study of it may, to a cer- 
tain extent, be regarded as a fundamental basis for the know- 
ledge of microscopic organisms in general. 

The vegetable nature of these organisms, first distinctly 
recognised by Siebold, and at present admitted by nearly all 
observers, has already been copiously discussed in the pages 
of this Journal, and the subject need not here be further 
adverted to. 

The Volvodna^ in general, may be said to consist of two 
parts, a colourless hyaline investing cell (Hiillzelle), consist- 
ing of cellulose [?], and of green primordial ce/&.f The 

♦ In Euglenaf however, which i» deeply coloured, there is but one 
eUium, 

t For the explanation of these terms, vide Cohn, Proioeoceua pluvidlis 
(* Botanical and Physiological Memoirs,' published by the Ray Society, 
1863). 

p2 
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latter vary in number, from one to anj number in the same 
envelope, being single, for instance, in Chlamydocoectis {Prot(H 
coccus) and Chlamydamanas, eight, as in StephomosphfBra^ or 
innumerable, as in Volvox. In either ease, the primordial 
cells present the character of simple primordial sacs^ which 
are not immediately surrounded by any rigid cellulose mem- 
brane; consisting merely of a fine-grained protoplasm, co- 
loured red or green by chlorophyll, or a peculiar oil, and often 
prolonged into mucoid filaments. The primordial cells 
themselves are pnxiuced peripherally into a colourless point, 
from which arise two vibratile filaments, which penetrate the 
investing sheath through two openings, and project into the 
surrounding water. The reproduction is e£Eected by the divi- 
sion of all, or, as in the case of Volvos, of some of the pri- 
mordial cells, which, in this case, oome«eventualIy toresemUe 
the parent organism; or the contents of the germinating 
primordial cell are more minutely subdivided into motile 
zoospores of much smaller size (termed microffonidia)^ whose 
ultimate destination is unknown ; the other or larger form are 
termed macrogonidia. The latter, lastly, may assume the 
' quiescent ' state, each primordial cell within the delicate 
* investing membrane ' secreting around itself a second, more 
dense cellulose membrane, which is not perforated by the 
motile ciKoy but is in close opposition with the primordial cell, 
just as in the common plant-cell the cellulose membrane 
encloses the primordial sac or utricle. In this^ manifestly 
vegetative, protococcu8»\ikB condition, the cells may remain 
torpid and without any movement for almost any length of 
time, until iheir dormant energies are re-awakened by the 
addition of water. It would even appear that in many cases, 
a previous desiccation is required, to render these winter- 
spores capable of germination. (These winter-spores, in dif- 
ferent states in Volvox, have been supposed by Mr. Busk to 
be represented in the forms termed V. aureus^ and V. stelkUus.) 

In speaking of Goniumj a genus referred by Ck>hn to the 
VolvocinGy he remarks, that his own observations have led him 
to perceive that its structure is somewhat more complex than 
it is usually described as being. 

In the first place, the entire tablet is surrounded by a 
•perfectly colourless, transparent envelope, presenting the form 
of a flattened spheroid, the axis of rotation being shorter than 
the other two. This envelope is not surrounded by any firm 
or cellulose coat, and appears to be simply gelatinous or 
mucoid ; and it is, consequently, not very readily visible. 
As in other similar cases, it is best brought into view by the 
addition of some colouring matter to the water. The green 
globules are simple or primordial cells — properly of an 
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octagonal shape, or of a quadrate form with truncated angles ; 
and each of the sixteen cells is enclosed in a colourless, 
hyaline, delicate, but at the same time rigid membrane. 
Cohn, howerer, has hitherto been unable to determine 
whether this tunic contain cellulose or not. The polygonal 
jfOTittcm-cells, thus surrounded by a rigid membrane, are in 
contact with each other at the angles formed by the trans- 
parent, colourless wall, and these conjunctures have been 
variously understood by different writers. Such as ^^ brides 
blanches muquenses contractiles," of Turpin, and the 
^^ band-formed, tendril-like connecting tubes,*' of Ehrenberg:. 
In other respects, the gonium-spores resemble the usual 
* swarm-spores,' like which, they contain chlorophyll vesicles, 
starch, &c. They also present a variable numl>er of spaces 
or vacuoles, filled with water, which are sometimes s<» 
numerous as to give the contents a frothy, vesicular aspect. 
With these variable vacuoles, however, must not be con- 
founded one, two, or three constant, sharply-defined vesicular 
spaces, situated dose to the origin of the vibratile ctVto. The 
reproduction is effected in the usual way by the division, 
several times repeated, of the contents of the cells. Into the 
particulars of which, resulting as it does in Gatiium in the 
production of sixteen cells, Cohn enters at considerable 
length. He then proceeds to discuss the relation of Gonium 
to other Volvocinae, and shows, notwithstanding some dis- 
crepancies, that it may properly be there placed. 

After this, he returns to the subject of the vacuoles in 
the (romum-cells, and carefully distinguishes the vacuoles, 
formed apparently by watery secretions in the protoplasma, 
such as may be observed in all plant-cells, especially 
when young, from others of a particular kind. In Gontum, 
he observed two or three vacuoles which disappeared and 
reappeared periodically or rhythmically at short intervals — 
and which he thence terms contractile vacuoles. He states 
that these vacuoles are always placed near the point of 
insertion of the vibratile cilia, and that they contract 
alternately at regular intervals of so many seconds. Con- 
tractile vesicles of precisely-similar kind have been observed 
in numerous infusoria^ and were even seen by Ehrenberg long 
ago, in the zoospores of Gontum and of Volvox^ who entertained 
the extravagant notion that they were seminal vesicles. Re- 
ferring to these facts. Dr. Cohn, however, imagines that he was 
the first to discover the rhythmical nature of the contractions of 
these vacuoles, and enters at very great length, and in gjreat 
detail, into an account of his observations. Not being aware, 
we presume, that he was anticipated by more than a year in 
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this discovery, by Mr. Busk,* who noticed the fact of the 
existence of rhythmical contractions in the single vacuole in 
the zoospores of Volvox ghbator. But the most remarkable 
circumstance connected with this is the apparently precise 
resemblance of the phenomenon in the two cases. Mr. Busk 
states, that in Volvox the contractions occur very regularly at 
intervals of 38'^' to 41'" ; and Cohn's observations would show 
that where two vacuoles exist in the same cell, the interval 
for each vacuole varies between 25'" and 48'" ; and in a case 
where but one existed, as in Volvox, the intervals, by observa* 
lion, were 45, 43, 45, 42, 43, 40, 42, 41, 41'\ The suddenness 
of the contraction, and the gradual expansion of the vacuole, 
are noticed by both observers ; in fact, the observations agree in 
every particular, save only in the circumstance of the situation 
of the contractile vacuole or vacuoles. Cohn says that he 
always found them to be situated at the base, as it were, of 
the cilia — whilst Mr. Busk states that, *' it may be situated 
in any part of the zoospore, or not unfrequently in the base, 
or even in the midst of one or other of the bands of proto* 
plasm, connecting it with its neighbours.'' 

This rhythmical contraction is, certainly, a remarkable 
phenomenon in the vegetable kingdom, and worthy of attentive 
consideration. It does not, as yet, appear to have been 
observed, except in the above two instances, but will, doubt- 
less, be found to exist in much more numerous cases. 

4. The observations on Hydrodictyon do not appear to 
contain more than a very good summary of what is known on 
that subject, and are illustrated by good figures. We shall 
return at a future opportunity to this, perhaps, most interest- 
ing of all vegetable productions. Upon which will also be 
found very valuable mformation in A. Braun's work, above 
referred ta At the conclusion of this part of his work, Dr. 
Cohn propounds the following axiom : — ^That in the lowest 
forms rfresh-water algse) a motile, primordial cell, is at the 
same lime the seat of germination (swarm-spore)^ whilst in 
the higher cryplogamia, it is the fertilizing organ (swarm- 
filament) ; on the other hand, in the latter a quiescent cell 
(spore) is the seat of germination, whilst in the highest 
phanerogams, an equivalent cell (pollen-cell) discharges the 
function of a fertilizing organ. 

5. The observations contained in this part of the book 
relate to the germination of Zygnema and Anabaina* They 
are of considerable interest, and will, with the preceding, 
form the subject of a future notice or abstract 

♦ Tranaactions of ihe Microscopical Society. * Quarterly Journal of 
Miorosoopical Science,* Vol. i., p. 31.. 
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Pbincifleb of Gompabatiyb Phtbiology. By W. B. Cabpbktkb, M.D., 
F.R.S. Fourth Edition. London. Churchill. 

Although it be an ample apology for the use of the micro- 
scope, that he who records a new observation by its aid has 
added another fact to science, yet we would fain hope that all 
who use this instrument are more or less impressed with the 
truthy that by its employment large departments of human 
knowledge are being moved on. If we wanted an apology for 
the use of the microscope, we could not do better than point 
to the works of the learned and laborious President of the 
Microscopical Society on the various branches of the great 
science of Biology. Let any one compare the manuals of 
Physiology that were in use twenty-five years ago with the 
last editions of Dr. Carpenter's beautiful volumes, and they 
will see not only how our knowledge of the laws which govern 
vital phenomena has advanced, but they will see that it has 
been mainly by the aid of the microscope. They will see too 
in Dr. Carpenter's volumes how the labours of the humblest 
observers become in time part and parcel of the great body 
of special and general facts, which constitute the principles of 
science. This should be an encouragement to all to persevere 
in a course of observation, and to record what they have ob- 
served. Few perhaps know the whole value and significance 
of the facts which are presented to their senses ; but if they 
record them, they become appropriated by those whose special 
and peculiar gift it is to generalise, and thus to give a form 
and body to science. Of modem writers and workers few 
possess this gift to so gpreat an extent as Dr. Carpenter, and he 
may be justly regarded as the most successful exponent of 
Physiological science in this country, and one of our most 
elegant scientific writers. The volume, whose name stands 
at the head of our article, is intended as a companion to two 
others, the * Principles of Human Physiology' and the * Prin- 
ciples of General Physiology.' The latter work, which is not 
yet published, together with the present volume, formed the 
basis of the author's * Principles of Physiology, General and 
Comparative,' which will henceforth cease to appear as a 
single volume. 

In the present volume, which is devoted to the department 
of comparative anatomy and physiology, the author has 
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evidently taken the greatest pains to bring it up to the 
standard of knowledge of the present day. We are glad to 
find no indications that the author is inclined to rest on his 
wide-spread reputation and the popularity of his works, but 
that he has in every department laboured to give the fairest 
possible exposition of lus science. The principal additions 
and alterations in this volume, as we learn from the author's 
preface, occur in relation to the water-vascular system of 
some animals, and the sexuality of Cryptogamic planU. We 
subjoin Dr. Carpenter's account of the water-vascular system, 
as its existence and peculiarities have been determined by 
the aid of the microscope. 

It is among the Venniform members of the articulated series, that we 
find the * water-vsscular ' system acquiring its highest development. But 
it will be desirable first to study it under the simpler form it presents in 
the Rotifera^ which have no rudiment of a sanguiferous system, the chyl- 
aqueous fluid of the general cavity of the body being the medium alike 
for conveying nutriment to the solid tissues, and for effecting respiratory 
chanees in them. On either side of the body of these animals, there is 
usually found a long flexuous tube, which extends from a oontraotile vesicle 
(common to both) that opens into the cloaca, towards the anterior region 
of the body, where it frequently subdivides into branches, one of which 
may arch over towards the opposite side, and inosculate with a correspond- 
ing branch from its tube. Attached to each of these tubes are a number 
of peculiar organs (usually from two to eight on each side) in which a 
trembling movement is seen, very like that of a flickering flame ; these 
appear to be pear-shaped sacs, attached by hollow stalks to the main tube, 
having a long cilium m the interior of each, attached by one extremity to 
the interior of the sac, and vibrating with a quick undulatory motion in 
its cavity ; and there can be no doubt that their purpose is to keep-up a 
continual movement in the contents of the aquiferous tubes.— Similai 
lateral vessels, furnished internallv with vibratile cilia, and often ramify* 
ing more minutely (especially in the head and anterior part of the body) 
are found in many of that group of Vermiform animals, dothed over the 
whole surface of their bodies with cilia, to which the designation TltrM- 
laria has of late been given. These vessels have been commonly regarded 
as sanguiferous I and it is certain that the fluid which they contain is 
sometimes coloured, like the (so-called) blood of Annelida; but it is 
certain, also, that they have usually, probably always, external orifices, 
these being sometimes numerous. In Nais^ instead of actually opening 
into the cloaca, one set of them comes into close relation to the rectum, 
the interior of which is richly ciliated i thus remindiiig us of the parallel 
distribution of the tracheal system in the larvas of LiheUtdidcd. In fact, 
it seems not improbable that the ' water- vascular ' system of the lower 
Artioulata (which are all aquatic) is the homologue of the tracheal system 
of the air-breathing Myriapods and Insects ; and that, where it does not 
convey water directly introduced from without, the fluid which it contains 
is specially subservient to respiration, establishing a communication be- 
tween the aerating surface and the tissues of the body generally. There is 
an almost complete absence among the Turbellariae of any more special 
respiratory organs. The whole tegumen of the body, being soft and 
clothed with cilia, is probably subservient to this function ; but there are 
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vooaaaoaily to be obaerred about the hoad (aa in Nemertei)' pardcukr 
groups of cilk longer and more oloeely tet than the rest, remiti£iig ub of 
the ' wheeU ' of the Rotifera. 

This ' aquiferous ' Hystem of vessels preMnts ita greatest complexity and 
moat elevated character in the group of Entmoa ; whiist at the same time, 
there are oertain types even of that class, in which it exists under its most 
simple and least doubtful aspect. It is only, in fact, hy tracing it through 
its prioclpal forms and gradations, that the real import of some [«rts of this 
system can' be aacertaiued. In the Ctttoid worms, we find four principal 
canals, two on each side (fig. 1, a b), running along the body at or near 
the margiuH of the segments, and connected t<^e- p^ ,, 

ther by transreise branches \ these anastomose 
with one another freely in the head, those of the 
oppotiita sides being generally connected by an 
arched canal ; whilst at the opposite extremity 
they all terminate in a single contractile sac opening 
externally. Besides these trunks (of which the 
two larger, a, have been considered as a double 
alimentary canal), there is a superficial system 
of vessels more minutely distributed, which has 
been r^arded as sanguiferous ; but these may be 
traced into comiection with the preceding, and 
their porietes are furnished with vibratile cilia, 
which keep up a movement of their contents. 
There is, tliea, no true sanguiferous system in 
the Uestoid Worms, any more than there is an 
alimentary canal ; both being replaced by the di- 
rect absorption of the nutritiuns juices from with- 
out, in a state ready for asumilation. Tet it is 
probable that, as in the cases last cited, the 
* water- vascular * system contains some other fluid 
than pure water; and it may even serve, aa Pro- 
fessor Van Beneden has suggested, for a urinary 

apparatus. The fluid contents of these vessels, ^"S^^^'^LJ^^^J^ 
whatever thsir nature may be, are kept in motion i^agiiDi^iir'ininki i e[ 

Ertly by ciliary action iji their interior, and ptfrtly omiyi Agmiuiwiflw. 
the contractility of their walls ; the former method ssema to prev^l in 
9 smaller trunks, the latter in the large. — In the Trtmatode Worms, we 
find a r^;ular gradation from what is unquestionably a * water- vascniar,' 
system bomologons wiUi that of the Cestoidea, to an apparatus which 
nearly approaches the reputed aai^^ferous eystem of the AJinelida. One 
of its most interesting forms is that presented hy the DiUoma tmtia^ ; 
in which we find an elongated contractile canal, terminating posteriorly in 
an external orifice, giving off two contractile tmnks, which pass along the 
two sides of the body without any change of dimeneicai, and nnite in an 
arch above the month. The fluid of these vessels is colourless, and 
contains some minute corpuscles. But besides these, there are a consider- 
able nnmlipr of smaller trunks, giving-off branches that form a net-work 
resembling that shown at fig. 2 ; these trunks, however, have been dis- 
tinctly found by M, Van Beneden to discharge themselves into the two 
principal lateral canals, bo that tb^ must be considered as forming one 
^stem with them, although the nuid which they contain is coloured. 
Thia system of vessels, therefore, although usually described as sanguiferoue, 
cannot be properly r^ardcd in that light; and it is obvious, that even 
when (as happens in the Schinor/umci, which are closely allied to the Tre- 
matoda) there are no pale, ciliated, non- con tractile aquiferous vessels, ter- 
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mill* tint; iu an external urifioe, but oolf red, oon-ciliated, oontractile 

venaelB, which cannot be traced into oonnectioa with the exterior, we must 

abatoin from regnrdiDg the Utt«r u b true * sanguiferonit * system, dnoe 

they are obvioiialy but ad oOaet (w to apeak) from the 'aquiferoDS,* 

Fi,. 2, specially developed in this porticulitf 

a group of animals. — The natnre of the 

vascular system in the NetTiatoid worms 

has not yet been made out but there 

appean strong ground for the belief that 

in this order also, what has been usually 

ruarded as a sanguiferous system really 

belongs to the 'aquiferous' type. 

An arrangement of a different kbd, 
hut one that Beema rereriible to tlie 
' water-TBScnlar ' system of inferior Ar- 
ticulata, is found iu the Leech and Earth- 
worm, which, with their allies, constitute 
the Monacivaa group of Annelids. In 
the medicinal Leech, there is found on 
either side of the posterior part of the 
body a series of seventeen ptiirB of sacculi, 
lying between the digestive CKca, and 
opening by narrow Bit«mal orifices ; al- 
lAuugh these were long ago consiiiered 
as respiratory organ?, yet they have been 
of late more generally r^ardcd as oigans 
of secretion, their homological character, 
however, as a 'wat«r-va3cukr' system, 
appears to he demonstrated by the eust- 
tence of intermediate fonns, which con- 
nect it with the aquiferous system of 
Eatozoa, Thus in the BranclaobdeUa 
there are but two pairs of external ori- 
fices, one at tJie anterior and the other at 
the ]«sterior extremity of the middle 
third of the body ; each of these leads 
AiaMnr of JtucUa' iiraHaim (Oil- ^ a trunk, which, after dilating into an 
uma tnaifetim). eoluged. ibowiDg ampulla, giveB off several tortuouB canals, 

ooBDectcd wiui ■ medlu tnmk. a. the Earthworm, agam, there is found m each 
"™'^- segment, and on either side of the diges- 

Idve tube, an enteroid vessel which returns upon itself, and which is lined 
with cilia ; and in other LumbricidEe, these vessels have cscal terminations 
in the general cavity of the body, furnished, like the water-vesBcls of Ko- 
tifera, with long cilia, — Nothing similar to this has been found among the 
brandiiferous Annelida ; and it would seem as if the water- vascular system 
were superseded in them by the apparatus provided for aquatic resinniHon, 
which will he hereafter described. — The close resemblance which seems to 
exist between the multiple sacculi of' the Le«ch, and the air-sacs of the 
lower Myriapoda, strengtliena the reasons already advanced for regardii^ 
the ' water-vascular ' system as the real homologue of the tracheal system 
of Myriapods and Insects. And if the suggestion already thrown out, 
respecting the real nature of the supposed sanguiferous system of Annelida, 
should prove well-founded, this also would find ita parallel in the doted 
tracheal apparatus of certain Insect-larvai, which is connected, like it, with 
a branchial apparatus ; the difference between the two being that llie latter 
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ooDtaius and distaibutes air^ whilst the former is filled with an aeriferow 
fluid, which can scarcely be called blood, the distribntlon of nutrUive ma- 
terials being accomplished in both cases by the fluid of the ' general cavity 
of the body.' 

In his account of the sexuality of the Ciyptogamia, Dr. 
Carpenter has embodied the most recent researches on this 
highly-interesting subject. Every lover of natural history, 
every student of biology, should be possessed of this new 
volume by Dn Carpenter. 



Thb Miobobcofe and its application to Veqetablb Anatomy and 
Physiology. By Dr. Hermann Scuacht. Edited by Fbederick 
CUBREY, M.A. Second Edition. Highley. London. 

The fact of this book having reached a second edition justifies 
the good opinion we have expressed of it on two previous 
occasions. Mr. Currey has taken the opportunity of adding 
some new matter, which has very considerably improved this 
edition. Four chapters have been added at the beginning of 
the book ; the first of which relates tojM>me elementary prin- 
ciples of optics essential to a proper comprehension of the 
microscope ; the second contains a description of difi*erent 
kinds of English microscopes, including as far as is necessary 
the details of their different parts ; the third contains an 
account of the accessory apparatus and chemical reagents 
necessary for microscopical investigations in botany ; and the 
fourth relates to the preservation of specimens. Besides these 
chapters by the editor, Dr. Schacht has furnished a quantity 
of new matter in manuscript, being the result of his investi- 
gations since the last German edition of his work was pub- 
Ushed in 1852. 

The whole of the new matter of this volume will be found 
interesting to the vegetable microscopist ; and we select as 
examples of the value of the added matter, one extract on in- 
struments and another on microscopic structure* 



lere are many different sorts of dissecting 
microscopes, which vary according to the fancy of the makers ; but as the 
principle of all must be the same, it will be sufQcient to refer to the 
accompanying fig. 16, which represents one of the best construction by 
Mr. Ross. The principal points to be attended to in selecting a dissect- 
ing microscope are to see that the stage is of sufficient size and strength, 
and that the arrangements for holding the lenses and moving them 
in different directions, are convenient. In the instmment in fig. 15, 
the arm at the top which carries the lens-holder has a forward motion by 
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rack And pinioD, and a traTening motion oq a pivot, by which meane 
the lens can be carried in any direction over the stage. The Hdjustment 
of the fociu is effected by the large milled head at the aide. This ioatni- 
ment ia miuilly fnmiHhed witli lenses of 1 inch, i inch, i inch, and I -10th 
inch focal lengths, and gometimes with a Wolloston's doublet The doub- 
let may well be dispensed witfa, if the obserrer is posaessed of a compound 
achromatic microsoope. In carrTJog on delicate diesections with this 
microecope, it is adriaable to make use of ths arm-rcBta, which will be 
described bereafter in the chapter on accessory iostruments. Mr. Roaa's 
1 inch acbromatio object-glasB may be used in dissecting with this instru- 
ment, and will be found moat agreeable. 



Figs. 16, IT, and IH, represent another form of dissecting microacope, 
called "Quekett's Dissecting Microscope," lately produced by Mr. High- 
ley. Fig, 16 shows the instrument 
Fig. 16. folded up with an Indian-rubber baud 

round it, in a manner which admits of 
its being c&rried in the pocket. The 
two wedge-shaped pieces of wood under- 
neath unfold and form the legs (nee figs, 
17 and 18). Fig. 17 shows the mteraal 
nrrangemcnt and the manner in which 
i the mirror, lenses, and lens-bolder are 
I>acked away. I'he straight, flat bar, 
on the right in fig, 17, serves to keep 
the legs from closing together (see Gg. 
1 6 ), and also as a support for the mirror, 
which slidea iulu a |>iece of brass tubing attached to the flat bar. The 
circular hole at the lower end of tig. 1 7 is another pece of brass tubings 
into which the lens-holder slides. The instrument ia furnished with three 
lenaes, and is to )» had at a moderate price. 
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Amongst the new material in thi< edition are tbree chapter! 
on the embrjogeny of the Cunlfer^e, taken from Dr. Schacht's 
recent work, entitled " Beiliage zur Analomie und Phjaiologie 
der Gewacbse." From these chapters we extract the follow- 
ing remarks on the pollen of Coniferae: — 

Fig. 109 repreBenta a ytniDK pollen-grain of Abies pectinata seen in 
water, and fig. 110 a somanbat older poUeD-graiD, also seea in vat«r, 
wliere (z) is the place of the thin spot in the cuticle. 

Fig. Ill represents a mother-cell of Abies pectinata with foor yooag 
polleii-^raiDS. At tlie beginning of May the pollen-grains of Picea vul- 
garis, if placed in water upon the stage of the micioecope, frequently 
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swell up ftnd escape from the mother-oell ; when this takes place, cells 
called special mother-cells (which exist also in certain other plants, as, for 
instance, Lavetera) are found to he present. 



Fig. 109. 



Fig. 1 10. 



Fig. 111. 
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Figs 112 and 113 represent mother-cells of Pioea vulgaris, which have 
hecome quadrilolucar hy the formation of special mother-cells ; the young 
pollen-grains having heen swollen hy water 

have escaped from the mother-cells. These Fig. 112. Fig. 113. 

special mother-cells, which were first oheerved 
by Nageli, are nothing more than a primary 
layer of cellulose secreted by the primordial 
utricle of the pollen-cell, the pollen-cell itself 
having originated by division of the primordial 
utricle. This layer of cellulose, like the mother- 
cell, is afterwards either absorbed by the pollen-grains themselves, or appro- 
priated in some other way to the perfecting of them. When the four young 
pollen-cells of Picea escape from their mother-cells, the latter appear, to a 
certain extent, to be divided by the special mother-cells into four partitions. 
(See fig. 113.) The young pollen-grain is then generally no longer round ; 
the two lateral excrescences, which at a subfle[][uent period diaracteriase 
the pollen-grain of Pioea, Abies, and Larix, are already more or less per- 
ceptible. 





Fig. 114. 




Fig. 115. 
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Fig. 116. 



Figs. 114 and 115 represent young pollen-grains at this period, showing 
the commencement of the formation of the two lateral excrescences. Fig. 
116 shows a young pollen-grain of Picea vulgaris, somewhat further de- 
veloped, seen under water ; Qjc) is the place of egress of the pollen-tube. 
A huge nucleus, surrounded by granular matter, lies apparently free in 
the middle of each pollen-grain. From this time the lateral protuberances 
continue to increase in sii&e, the cuticle, •*. e. the outer membrane of the 
pollen-grain, which does not consist of cellulose, becomes stronger and 
stronger, and delicate markings, streaks, and lines appear upon it, especially 
upon the protuberances. 

Figs. 117 and 118 represent respectively rii^ pollen-grains of Abies 
pectiuata and Picea vulgaris which have been soaked for half an hom' in 
oil of lemons ; in each figure (a) is the terminal cell of the cellular body ; 
(h) and (e) the pedicel-cells ; in both (c) has the appearance of a fissure, as 
is the case in Larix ; (x) is the place of egress for the pollen-tube. The 
processes going on in the interior of the pollen-grain are at this time con- 
cealed, more or less, hv the granular contents ; nevertheless, I believe that 
in Abies I have seen the formation of a cell-membrane, that is the origin 
of a cell, around the central nucleus. When the anther of the above- 
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nmlioned Conifers opena, which takee pUoe abmit the end of Hay or Ae 
bt^mning of Jniw, every perfect pollen-grain of Larii Enropna, Abie* 
Fig. in. Fig. IIB. 



Fig.l 



peclinftta, I^oeit Tnlg&ria, and Pinus sylvestrig, exhibits the cellular body 
mentioned hf Meyer ; there may also be seen Uie fissnre between the onter 
and tiie inner membrane, i. e., between the pollen-cell and the cuticle ; 
the latter geems to consist of two layers, on which account Meyer speaks of 
three pollen-membranes. There is also to be seen above this fissure trie small 
pediod-oelU and over this again a larger ceil, which encloses a very mani- 
feat large nncteus. Fig. 119 representa a ripe pollen- 
grain of Lsrix Europ»a seen in wat£r ; (a) ia the 
terminal cell of the cellular body ; (6) Uke laner 
' pedicel-cell ; (e) and (d) the smaller pedicel-cells, 
having the appearance of fiHSures in the membrane 
of the pollen-grain. In Lanz the cellular body seems 

I frequently to be composed of four cells instead cf 
three. ^Stx Sgs. 117 and 118.) The above-men- 
tioned cellular body lies opposite to either side of 
the arcuate apace which is found between the two 
lateral excrescences, and out of which at a later 
period the pollen-tube emerges. At this place there 
is to be found in the cuticle of Abies pectinata an 
attenuated spot, which is rendered manifest in fa- 
vourable positions of tlie pollen-grain by the nee of 
I same kind of spot probably esists in Pioea vnlgaris 
an^ PinuB sytvestris, and it may be seen also in the cutide of the LMXib, 
in which plant also the cellular body is sitoated opposite to this place of 
egress of the pollen-tnbe. According to Qeleanoff, both the outer mem- 
brane^ and therefore the cuticlo, are com- 
pletely stripped off. Pig. 120 representa a 
ripe polien-^rain of Iaiix Enropsa under 
concentratdd eulphnrio acid. The contents 
of it, BS well BS the true pollen-cell, have di»- 
I appeared ; some oily drops (u) am to be seen 
in the middle of the cuticle (a), which is un- 
injured, but which has become roe»«oloDred, 
and now exhibits two layers ; (x) is the thin 
spot in the cuticle intended for the egreas of 
the pollen-tnbe. The abore-mentioned cel- 
lular body may be seen most clearly and 
beautifully in the pollen of the I«roh, which 
is round or nearly so, and in which, as is well 
known, the two lateral excrescences are wanting ; but nevertheless I have 
derived more information from the study of the pollen-grsin of Abies 
pectinata, Picea vulgaris, and Finns sylvestris, for which it is neoenary to 
maka use of acids and volatile oils. 



sutphnric acid; 



Fig. ISO. 
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By DUftDS of the coatjnued action of oil of lemona or oil or turpentine, 
the contents of the ahove-mentioned pollen-grains are rendered so traos- 

Erent that the construction of both the small p«dicel-cell, and of the 
'ger terminal cell, as well as their attachment to the wall of the pollen- 
cell, may be clearly seen. (See figs. 117 and 118.) This mode of obsarva- 
tion, however, affords no information with regard to the fiaaure underneath 
the peiiicel-cell. If, however, one or two drops of common sulphuric acid 
be applied to the pollen nhcD qnite fresh, and a thin ghisa cover be placed 
over it, the immediate appearance of the pollen-cell may be observed at 
the spot destined for the egress of the pollen-tube ; it swells and protrudes 
itself more or less rapidly, and in a more or leas perfect condition, through 
the cuticle, and lies exposed before the eyes of the observer. 

Fig, 121 represents a ripe poUon-grain of Picea vulgaris under nitric 
acid, at the moment when the true pollen-cell (y) emerges at (i); (c()ia 
the cuticle showing two layers. Fig. 122 repre- 
sents a similar pollen-gnun under concentrated Fig. 121. 
sulphuric acid ; the pollen-cell and its contents 
have disappeared, leaving only some drops, pro- 
bably of oil, behind in the cuticle. Figs. 133 
and 124 represent the pollea-cell of two ripe 
pollen-grains forced out of their cuticle by the 
operation of nitric acid ; (a), (6), and (c) are the 
cells of the celltilar body. | 

The empty cuticle now exhibits its markinga 
still more beautifnlly. It is now seen thai, as 
well in Abies pectinata as in Picea vulgaris and 

Pinus sylveatnB, the cuticle is very Etrongly develojied at the two exeres- 
cences, and still more so between them, opi»sito to the place of egress of 

Fig. 122. Fig. 123. Fig. 184. 



the pollen-tube, at the point of attachinent of the cellular body. At 
the places where the cuticle is thus strongly developed, two layers may 
frequently be clearly seen. The fissure between the pollen-c«l! and the 
cuticle h^ now disappeared ; but three cells (and not two only, as in the 
earlier stages) are always to be seen in the emergent pollen-cell, and these 
three cells form the cellular body in its interior. (See a, b, and c, figs. 
118, 123, and 124.) The lowest of these cells (c) is generally the smallest, 
and becomes united in its growth t« the wall of the pollen-cell ; which fact 
is clearly seen by pushing the covering-gloss backwards and forwards : it 
was this cell which at an earlier period formed theapparent fissure between 
the cuticle and the pollen-cell. The contiguous cell (b), which is some- 
what larger, and which has been hitherto called the pedicel-cell, supports a 
third cell, viz., the terminal oell of the cellular body (u). I have never 
seen more than three cells in Abies pectinata, Picea Tulgaris, and Finns 
sylveatris ; but I have never failed to see any one of these three cells in 
the perfect pollen-grain. 
Although 1 have not been able to trace the development of the cellular 
VOL. III. Q 
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body, it may perhaps be aistimed that its three, oelb oiigmate finom the 
oae cell which I ha^e obeenred Id the poUen*grain of Abies pecttnata, and 
probably by repeated divisioQS of the primordial utricle. The two pedicel- 
cells, when once formed, do not seem to increase in size, but the terminal- 
cell grows visibly : in Finns sylvestris I have met with instances in which 
the latter cell his completely displaced the granular contents of the poUen- 
oell, and become distended to such a size as to fill up completely the hollow 
of the latter. The true pollen-cell appeared abont this time to be much 
decayed, and of a gelatinous consistency ; at the apex it was completely 
absorbed. I cannot, therefore, at present subscribe to Geleznoff's opinion, 
that the pollen-tube is formed of two membranes. 



Fig. 125. 



Fig. 12a. 



Fig. 137. 
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Fig. 128. 



Fig. 129. 





Fig. 125 represents a ripe pollen-grain of Pinus sylvestris viewed dry : 
at (x) the place of egress for the pollen-tube, it is folded together. I^gs. 
126 and 127 represent similar pollen-grains after long soaking in oil of 
lemons ; (a), (0), and (c), are the cells of the cellular body, which has 
already displaced the contents of the pollen-cell ; the latter is gelatinous 
and distended ; (x) is the place of egress for the pollen-tube. 

Figs. 128 and 129 represent the pollen-cells of two ripe pollen-grains of 
Pinus sylvestris forced out of the cuticle by nitric acid ; (a), (h\ and (c), 

are the cells of the cellular body ; (y) 
is the swollen wall of the pollen-cell. 
I have observed the terminal cell of 
Pinus sylvestris, which at a latter 
period makes its appearance as ft pol- 
len-tube, to be in some cases filled 
with granular matter, corresiwnding 
chemically to the earlier contents of 
the pollen-cell; the two pedicel-cells 
then appeared to be in a dead or dying 
state. In Picea vulgaris, Abies pectinata, and Larix Europaea, I have not 
been so fortunate as to be able to trace fully the subsequent development 
of this terminal cell into tbe pollen-tube. From the results of prior observ- 
ations, it seems to me to be not improbable that in other Conifera besides 
the Larch, the cuticle is completely stripped off by the tubular prolongation 
of the pollen-cell. In the Larch this fact has already been observed by 
Qeleznoff. 

In the Autumn of 1853, Encephalartoe Altensteini produced two male 
blossoms at Hamburgh. I examined the pollen whilst fresh, but did not 
discover the above-mentioned cellular body. The pollen of the Gycade» 
is round, and is, like that of the CioniferaB, furnished with only one place 
of egress for the pollen-tube. The pollen of Encephalartos, when dry, is 
folded. In that which I examined, I did not meet with the granular 
contents which in the Goniferas are coloured yellow by iodine, and which 
are made to burst, or become transformed into oil-drops, on the application 
of sulphuric acid. This pollen seems to me, therefore, to be abnormal, 
and, consequently, I do not attribute any importance to the circumstance 
of the non-existence of the cellular body. It remains, therefore, to be 
ascertained by further examinations of the pollen of the ConiferK and 
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GyoadflflB, whether the above^BieQiiooed eellalar body in the interior of the 
pollen 18 common to all the plants of these families ; and whether the 
terminal cell of this body is intended in all cases to serve the same pur- 
poses as in Finns sylvestris. If it be so, a new and important characteristic 
of these families will have been obtained. The examination of the pollen 
should, however, be made only whilst it is fresh ; after it has become 
dry, the fissure to which I have referred may still be seen, but not the 
cellular body. GeleznofiTs careful observations on the impregnation of the 
Larch deserve to be carefully repeated. 

If, as may confidently be expected, the appearances which have been 
here described are found to occur in all the Ck>nifer» and Cycadeas, the 
reproductive organs and the formation of the embryo of these plants will 
differ from those of all other phanerogams in the three following essential 
partieulaars. 

1. The Conifenft and Oycadee have naked ovules, tibat is to say, their 
ovules originate in an open fruit-scale, whilst in all other ((dianerogamoiis) 
pkuits they make their i^ypearanoe in the interior of a epecial organ, that 
is in the ]k>Uow of the ovwy. 

3. The en^ryo-eac of the Ooniferas and OycadeaB produces corpusctdOf 
which are large cells of the albumen, varjring in number, and situated at 
the apsK of the emhfyo-sac, into which the pollen-tube enters, in onier 
that after having extended itaelf within the oorpu9cuh»mf it may form the 
first oeUfl of tiie embryo. In all other plants tne corpuseula are wanting, 
the poUen-tnbe simply enters into the embryo-sac, and foilns therein the 
first cells of tiie embryo, 

& The polien-tube of the Oonifer» and C^cadese is not (as is the case 
in other phanerogams) a prolongation of the inner true pollen-cell, but an 
eosienaion of the terminal eeU 4f a email body cotmeting of several cdls^ 
which body originates in the interior of the pollen-cell, the contents of 
which it appropriates to the purposes of its own development. 

This work is now more than ever one that we can recom- 
mend to the botanical student, as an introduction to the nse 
of the microscope. 



Lettsomian Lsctubbs gs Pulmonabt CoNScrHpnoK. By THBOPmLUS 
Thompson, M.D^ F.R.S. London. Highley. 

This woric consists of three lectures devoted to the subject of 
pulmonary consumption and its treatment. In the first lec- 
ture there are some very good remarks on the microscopic 
appeatances afforded during the progress of tuberculous 
disease of the lungs. It has oftentimes been denied that the 
microscope is of any value in the diagnosis of tubercle ; and 
on this sul^ect we subjoin the remarks of Dr. Thompson^ 
whose opinion no one will doubt is that of a thoroughly 
practical man :— 

As respects the progress of consumption, the principal sppeaianoes of 
tiie expectoration may be described under tluree divisions : — 

1. Frothy ; characterising irritation, which, however, may be produced 
by various causes, besides the presence of tubercular deposit in the 
cells. 

q2 
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2. Gelatinous. This variety is transparent, resembling a drop of isin- 

glass, not stringy. It is indicative of a chronic form of irritation, 
unlike that from bronchitis or pnenmonia, and is usually tubercular. 

3. The purulent, of which there are three marked varieties : — 

(a) Simple purulent. 

(b) Flocculent ; characteristic of secretion from a vomica, modified 

by absorption of the thinner constituents ; very rarely occurring 
from any other cause. 

(c) Non-coherent. This is thick, scanty, rather firmer than common 

pus ; sometimes brought up without cough ; often accompanied 
with slight haemoptysis. It indicates a chronic form of tuber- 
cular affection, in which the diseased action is checked. 

Can we, by the aid of the microscope, obtain more definite and positive 
information regarding these different kinds of expectoration? Micro- 
Boopical observers have hitherto given ns little encouragement in this 
attempt. Rainey concludes his paper on the minute structure of the lungg 
with the remark, that the expectoration in the phthisicail *' most probably 
is not to be distinguished from that in ordinary bronchitis.** He adds, 
** It will be only during the breaking up of a tubercle that matter truly 
tuberculous will be expectorated ; and this, I believe, can be recognised 
with certainty by no other character than its containing fragments of the 
membrane of the air-cells." Dr. William Addison, in an interesting 
work,* published only five years since, observed — " Great attention used 
formerly to be paid to the expectoration, with a view to determine whether 
it was pus and came from a cavity in the lung, or whether it was only 
mucus from the air-tubes. More recently it has been supposed that a 
microscopical examination would determine the point. But it is now 
known that the inquiry is useless, mucus and pus being only varieties of 
the excretion natural to all mucous or granulation fabrics.** Only last 
year I published a discouraging opinionf as respects the prospect of de- 
riving any practical advantage from this application of the microecoije. 
Since that time, however, I have been induced to change that opinion, and 
I now hope to show that, with careful attention, the microscope will afford 
definite and conclusive information regarding the disease in its progress, 
and open views of peculiar interest respecting its origin. 

Frothy expectoration contains stringy mucus and the outer layer of 
epithelium, cilia being often observable. A gentleman whom I visited a 
few weeks since with Dr. Crosse was afiected with obstinate cough. There 
was some hereditary tendency to consumption ; his aspect was rather im- 
promising, and there was dull percussion in the right subscapular region. 
It was doubtful whether this dull percussion depended on tubercular con- 
solidation; but the absence of any tubercular element in the purely 
bronchial frothy sputum, when microscopically examined, encouraged us 
to give a favourable prognosis, which has happily been confirmed by the 
successful issue of the case. 

The second variety — ^iiamely, the gelatinous, is transparent, not stringy, 
and resists pressure between the glasses of the microscope. It contains 
granules, molecules^ not aggregated, cells partly devoid of granules, and 
oil globules. (See fig. 3.) 

A more advauccd stage is seen in fig. 4. 

Of the third kind — namely, the purulent — the flocculent is so charac- 
teristic of phthisis, that from its external appearances alone we may almost 



♦ On Healthy and Diseased Structure, p. 159. 

t QUnical Lectures on Pulmonary Consumption, p. 49. 
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Tenture on a di^noBis Under the microsoope the correctnew of this 
opinion ig usually establmhed by the appearance, miied with pue oorpu*. 




cles, of the unmistakable ihrivelled cells, granulea, molecules, and oil 
globules (see fig. 5), not un" " " 

■urcounding the pulmonary v 

Fig. 5. 



globules (see fig. 5), not nnfrequeDtly also of the cuilcd elastic tiaaue 



Every one must feel, after reading this passage, that how- 
ever imperfect the assistance yet obtained by the practical 
physician from the use of the microscope, that in tlie course 
of a short time it will form one of his important means of 
diagnosis. 

* Pig. 6 represents the same after the application of acetic acid. 
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NOTES AND CORRESPONDENCE 



Feet mm4 Wings ef isMcfa. — Iq Confirmation of the opinion 
of Mr. Hepworth and other naturalists, that the use of the 
cushions beset with hairs terminating in glands secreting a 
glutinous substance, is to attach the foot to what it walks on 
by means of such secretion, and not by suction, I would 
suggest that the hooks on the feet of flies are intended not to 
attach the fly to anything, but to be used as fulcrums (fulcra, 
Mr. Editor, ^* if you think it better English," as Lord Plunket 
said when corrected for using the word memorandums), or 
props which the fly can push against when it wishes to detach 
the cushions. Without these hook-shaped props, the fly, 
when once stuck fast, must remain so. 

Some Hymenopteni, Messrs. Kirby and Spence state, have 
booklets on their wings. These are used to attach one wing 
to the adjoining wing during the insect's flight My observa- 
tion leads me to thiiJc that these hooks are a distinguishing 
characteristic of all Hymenoptera ; but I throw out the sugges- 
tion for the investigation of naturalists. The hooks vary 
very much in number. In some minute Hymenoptera, we find 
but three, while on the wasp I think there are twenty-four, 
and on the hornet, twenty-eight. They are invariably on the 
smaller wing, and the margin of the other is folded back, and 
thickened at the edge to give the hooks a firm hold of it 

So far as my experience goes, these hooks are confined to 
the Hymenoptera, with but one exception — the aphis. Every 
aphis possesses one or more hooks on the smaller wing for the 
same purpose of attachment ; but while in the Hymenoptera, 
they are arranged separately along the margin of the wing, 
in the aphis, on tbe other hand, the hooks, however numerous 
spring from (Mie point, or at least are placed as. closely as 
possible together. The number of hooks differs, in the di&rent 
varieties of aphis that I have examined, from one to seven. 

An aphis found on the Box and on the Hawthorn appeared 
at first to have none, but after a careful inspection, the hook 
was found of a different shape from what is usual, inserted in 
the wing not quite at the edge, and standing out perpendicular 
to the plane of the wing. The Box- and the Hawthorn-aphis 
have this further peculiarity, that to compensate for the absence 
of hooks in their usual position, they have a row of hooks 
near the insertion of the wing in the insect's body, and the 
larger wing has a corresponding fold at the same place to re- 
ceive them. — John Ttrrbll, Newcaurt. 
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The mmHOm^B mt tfi« piew«rigMa* Ac. — In the ' Memoranda' 
of the last number of your interesting Journal, a short notice 
was inserted on the ^' curious effect of moisture on the mark- 
ings of the Pleurosigmai* in which I spoke of the subject of 
the markings as one, ^' still, I presume, involved in obscurity." 
When this was written, I had not seen the following quotation 
from the ^ Philosophical Magazine' for January, 1855, which 
occurs in an abstract of a paper read before the Royal Society, 
"On the Structure of certain Microscopic Test-objects, and 
their Action on the Transmitted Rays of Light" By Charles 
Brooke, M.A., F.R.S. The passage is as follows: "The 
^ dots' have by some been supposed to be depressions ; this 
however is clearly not the case, as fracture is invariably ob- 
served to take place between the rows of dots, and not thorough 
them, as would naturally occur if the dots were depressions, 
and consequently the substance thinner there than elsewhere." 
Now when writing the former notice, and quoting a passage 
from the introduction to the ^ Micrographic Dictionary' now 
publishing, in which a diametrically-opposite view is main- 
tained, I was not prepared to find such eminent observers as 
the authors of the above-mentioned work, and Mr. Brooke, 
taking such wholly irreconcilable views, and each, moreover, 
basing his view upon wholly irreconcilable statements of the 
same fact, namely, the course of the line of fracture of the 
shell. The observation of this fact is, I should think, simple 
and easy to an experienced observer who possesses our most 
powerful objectives, and I am not without hope that the juxta- 
position of two such contradictory statements made by such 
experienced observers, will induce some one qualified by ex- 
perience, and possessed of sufiicient instrumental means, to 
bring forward such undeniable evidence of the truth of either 
one statement or the other, as may set at rest the question of 
the course of the line of fracture ; which will be a step, and an 
important step, towards ascertaining the precise nature of the 
markings. I may add, that in those species of the genus 
Pleurosigma^ which have the "striae transverse and longitu- 
dinal," such as the P, Hippocampus^ I have observed that 
when moisture has insinuated itself between the glasses in 
which they are mounted, the boundary line between dryness 
and moisture has always a tendency to arrange itself in lines, 
either transversely across or along the shell, which in this case 
are manifestly parallel to the two directions of least distance 
of the dots. Granting that the Diatomaceae belong to the 
Vegetable Kingdom, the nature of these dots, may, I think, 
be added to the list of questiones vexatcB in vegetable anatomy 
adduced by Mr. F. Currey, in his paper in the ninth number 
of this Journal, " On the Spiral Threads of the Genus Trichia," 
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in which he says, ^^ the opinions of observers not only differ 
from one another, but are so utterly and diametrically at 
variance, that if one side be right, the other must be altogether 
wrong." — G. Hunt, Handgworth^ Birmingham, 

DeflnittoM •f Dedicate Teirt Oftjccte. — With Powell and Lea- 

land's l-4th objective, and the A eye-piece, the magnifying 
power being 200 diameters, using also their improved achro- 
matic condenser, No. 8 aperture, without the stop for the 
central rays, I have clearly defined the double set of lines at 
the same time oi Navicula cuspidata and PUurosigma Fasciola^ 
also, the fine markings of Navicula obscura and P. ddicatula^ 
and the still more difficult ones of Nitzschia sigmoidea* 

With the l-8th objective and the same eye-piece, the mag- 
nifying power being 400 diameters, I have brought out the 
dots of Pleurosigma obscura and F. delicatula as plain as in 
the p. anguhxta^ and also the very delicate markings of the 
Amician test, Grammatophora subtilissimay and Navicula 
rhomboides and {PleuroHgma ?) macrum. In fact the Diato- 
maceae generally are brought out in a most distinct manner. 

The angular aperture of the l-4th objective is 95°, of the 
l-8th, 125°, and of the condenser, 105°. 

The microscope is placed at the polarizing angle 56° 45'. 
The illumination is that of the small camphine lamp, the base 
of the flame being 7f inches from the level of the table, the 
flat side of the mirror being uppermost, and nearly horizontal, 
and 2i inches below the ba^e of the flame, and at a distance 
from it of about If inches. The achromatic condenser is 
racked up very near to the object: with this preliminary 
arrangement, by a slight movement of the mirror and con- 
denser, a small triangle of brilliant light is obtained at the 
base of the field; above the bright light is a deep yellow, 
filling the space of more than half the remainder of the field, 
the remaining portion at the top being very dark ; on the yellow 
portion of the field the object is so arranged, that the intense 
light from the bright angle may be thrown upon it, and then 
the delicate markings immediately appear. This diagram 
may explain it more clearly. 

A, the angle of bright light* B, yellow 
ground. C, dark ground. 

The objects are placed in either position 
as placed in the diagram. 

The markings of (^Pleurosigma 9) macrum^ 
N, rlwmboideSy the Amician test, and Gram- 
matophora^ are made still more distinct by 
placing stop 1 as marked in the portion A of the diagram. 
— E. L. 
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^ — The President of the Microscopical 
Society in bis late address drew attention to the general im- 
presnon, that in order to make good observations it was 
necessary to have a high*pticed micvoscope. He denied tU% 
and stated his conviction that all the arrangements necessary 
for accurate investigatian might be obtained at a Yery much 
lower price, than is given for the very perfect and beaatifHl 
apparatus of our first makers. The drawback on purchasing 
cheap microscopes is the waul ot knowledge of the properties 
of good glasses on the part of beginners. As the use of the 
microscope is now becoming a matter of educational import- 
ance^ and as in order that it may be used by tdl^ it must be sold 
at a price to be attained* by all and at the same time a good 
instrument insured, the Society of Arts has oifered two prizes 
for the best microscopes at stated prices. We have much 
pleasure in drawing attention to the following announcement 
of this Society w The Council has determined to ofier special 



1. For a School Microscope, to be sold to the public at a 
price not exceeding 10*. 6d. — Prize — The Society's Medal. 

To be a simple microscope, furnished with powers as low 
as those of a pocket-magpiifier, for the purpose of observing 
flowers, insects, &c., without dissection. The lenses should 
range from two inches to l-8th of an inch ; the focal adjust- 
ment to be by rack-work, extending sufficiently above the 
stage to allow a thick object to be brought under the lowest 
power. It should be furnished with plyers, a concave mirror, 
and an illuminating lens, also a live box, or, instead of it, two 
or three glass cells of different depths, a few slips of common 
glass, and a few pieces of thin glass for covers. 

Makers are requested to state at what additional price 
they will undertake to supply a doublet of 1-1 6th or l-20th 
of an inch, applicable to any instrument as above described. 

2. For a Teachers or Student* s Microscope, to be sold to 
the public at a price not exceeding 8/« 3«.— Prize— 2%e 
Society's Medal. 

To be a compound Achromatic Mierosoope, with two eye- 
pieces and two objeet-glasses, mie magnifying 130 diameters 
with the lower eye-piece, the other magnifying 25 diameteis 
with the lower eye*piece. It should be furnished with a dia- 
phragm, having various-sized openings, minor, side ilhrnii- 
nator, live box, forceps stage and case. 

In the event of the medal being awarded, the Council is 
prepared to take 100 of the smaller and 50 of the larger micro- 
scopes, at the trade discount 
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The iostmioeiito . for which the medaU shall have been 
awarded will be retained by the Society as slandaads ; aaA the 
SQCcessfni competitors must enter intoi a guarantee to sopply 
their microscopes at Ae foregoing prices^ and of equal qaalaly 
with those retained^ and to change them if not found satis- 
factory. 

The Council, in all casesy expressly reserves the power of 
withholding the premium or medal altogether^ should the 
essays and articles sent in competition not be cotMideied 
worthy of reward. 

The essays and articles intended for ccMupetition must be 
delivered^ addressed to the Secretary^ at the Society's hoose^ 
free of expense, on or before the 1st of May, 1855. 




ciua !■ jH«iraMM«»^— During my examinations, near the end 
of the last summer, of the ciliary motion in the Desmidieae, I 
frequently noticed in many of the more commonly met with 
forms of the Diatomaceaa a similar arrangement of cilia. I 
have attentively watched Diatomaceae moving slowly and 
steadily across the field of the microscope, when upon meet- 
ing with any obstacle to their progress they have changed 
their course, or pushed the obstruction aside, as if conscious 
of an impediment* I have repeatedly satiated myself that 
their motive power is derived, from cilia, arranged around 
openings at either end ; in some 
around central openings^ which 
with those cilia at the ends act 
as paddles or propellers. This 
arrangement is indicated merely 
in the very rough sketch I made 
at the time, as I then antici- 
pated other opportunities for 
the purpose of rendering them 
more perfect. Before I had 
made out. the dlia, I thought it very remarkable to see these 
little bodies moving . along, and steering their course^ by a 
power which they were evidently able to call into action and 
restrain at will, I was therefore agreeably surprised to find 
this motive power doe to cilia. The position assigned to the 
cilia, it will be observed, differs much from the ciliary pro- 
cesses found in the Desmidieae, and which- is only, I believe, 
a physical force acting independently of any etmlroilinff power ; 
on the contrary, with the jDiatomacesB their cilia appear to 
act in obedience to some will, for intervals of rest and motion 
are most clearly to be distinguished; and this knowledge 
would naturally induce a doubt, ot cause one to inquire once 
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more, whether the Diatomaceae are properly classed in the 
vegetable kingdom? 

I would take this opportunity of impressing upon the atten- 
tion of those microscopists, who wish to examine for them- 
selves the ciliary movements of the lower forms of life, the 
necessity of using only very shallow cells for the purpose, say 
of from l-50th to 1-lOOth of an inch deep, and glass covers of 
from 1-1 50th to l-250th of an inch thick. The objective 
must be l-4th or l-8th, with a ^ood eye-piece ; the objects 
themselves should be carefully illuminated, by using for the 
purpose a parabolic reflector, or a Gillett's condenser, and the 
examination be conducted during very bright weather or in 
sunlight — J. Hogg. 

New ifiMi« •r lUaminatioM. — ^Your obliging insertion in the 
last number of the * Microscopical Journal,' of my note on 
* Closterium,'^ tempts me to send you another Memorandum, 
in the hope it may be found worthy of a similar comer in 
your next. 

Those who, like myself, do not happen to possess either a 
Wenham's or Shadbolt's parabolic condenser, will find the 
following plan an efficient substitute, perhaps even superior 
to those instruments for defining certain structures. 

With a steady clear lamp-light throw a strong background 
illumination, according to the method of the Rev. Mr. Reade, 
rendered more intense by using a bull's-eye lens placed near, 
and with its convexity toward the light, and a smaller con- 
densing lens (on a separate stand), focusing the bright light 
on the object beneath the stage, and at an angle beyond the 
range of the angular aperture of the objective. Then let the 
rays which have passed through the slide be received above 
the stage, on either a side-reflector or a Lieberkuhn, placed 
so as to reflect them on the object from the side opposite 
to the light. A brilliant illumination on a dark or black 
ground is thus produced, which displays many objects with 
extreme distinctness and beauty, and, as in all background 
illumination, with the great advantage of preserving their 
natural form and colour. 

Among those best adapted for illustration by this method, 
are the coloured spiculae of Goi'ffonia ; recent and fossil 
Foraminifera ; partially-transparent injected preparations ; 
palate of Myliobates ; hair of Indian Bat ; scales of Lepisma^ 
of Amathusia Harsfeldiiy and of many other butterflies and 

* Allow me to correct a mistake of your printer, in inserting the last 
pjiragraph but two at page 172, which was not intended for the press, but 
to account for the erasure of some experiments narrated in the original MS. 
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moths, all of which may be beautifully seen under an ordinary 
1-inch lens. With a (-inch of moderate aperture (57°), and 
Lieberkuhn, the markings on several DiatomaceEe, as N. 
formosa, elon//ala, Hippocampus, Baltica, and Stauroneit 
Phwnieenteroit are splendidly shown in distinct ridget ; and 
by using the draw-tube, a clear definition may be obtained 
of P. angiUatum. I have, even with the same lens, exhibited 
palpable indications of the lines on an (American) Amician 
test, P. gracilu.—'{\ G. Wright, M.D., Wakefield. 

A>Mk«r FiNiier.— The best description of '* Finder " for the 
microscopist appears still to be an open question. 

It has been made abundantly evident that a strong pre- 
dilection ex\»\A in favour of the ring, or circle around the 
object, although the methods of effecting it have hitherto 
been most unceriun in their results, as well as both difficult 
to accomplish, and disfiguring in appearance to the slide 
when required for the cabinet. To produce this ring by 
" machinery " had occupied my attention long before Mr. 
Tyrrell's description of a " Finder " appeared in your third 
number, but, on reading that, a new idea was suggested by 
the rectangular scale. The resnlt has been the cross lines 
near the edge of the slide, as shown in the accompanying 
diagram ; but as it was soon made apparent that, in addition to 
these, some definite indication of the precise spot was 
absolutely necessary, the original idea was fallen hack upon, 
an<l has been put into practice with the most perfect success. 

The annexed sketch is the full size of the original, attached 
to a " quarter " of Ross. 

A, a brass cap, fitting upon the end 
of the object-glass, which it entirely 
covers up and protects from injury. 
The upper end is thin and slit so as to 
move round easily without shaking. 

B, a stem soldered to the side of the 
cap, with the upper end having two 
projecting sides to steady the ends of 
C, e, andy, which are firmly screwed to 
it. 

C, an elastic arm of hammered brass, 

which carries at its lower end, D, a ^ 

lever of thin brass plate, having a frag- 
ment of diamond inserted in its thinner 
end, and directly under the centre of „ 

the cap A. 

c and f are two springs, pressing upon the shorter end of 
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the lerer D, the longer oae^f, bas a h<de, to allow the screw, 
hj to pan witfacHit touching it. 

ffy a screw, holding the two springs and the elastic arm to 
the aim of the cap. 

A, a milled screw, to adjust the elastic arm C, so as to 
bring the diamond point away from the centre, according to 
the aise of the ring required. 

I hare one attached to a faidf-inch, but the quarter is by 
far the most useful, as this is the power I genentlly employ 
in searching any new material. 

Before commenciBg the examination of a slide, the latter 
should be firmly fixed to the sta^/by bringing the slip to 
press tightly on its edge. Having now found any particular 
specimen and brought it into the centre of the field, and 
having been careful to adjust the minxM' in a line with the 
tube, if not using a eondenser, the body of the instrument 
may be run up and the cap A alipped on lo the end of the 
objectrglass, with the upright arm, •&, either directly in front, 
or behind, in a line with the stem. The whole may then be 
moved down again till the sGmtching«f>oint toudies the surface 
of the cover, which can easily be seen by the movement of 
the lever when looking at it horizontally, and Applying the 
finger to the side of the screw A, the cap may be turned 
round on its centre, making a neatly-turned circular scratch 
on the cover, with the object perfectly oentral. By woiking 
the slide upwards or downwards, and making a straight line 
at the side, either up to the edge itself, or crossing a longer 
Une parallel with the edge, and produced by using the other 
movement of the stage, any particular circle may always be 
found at once, and may also be registered on the end of the 
slide. After the circle has bead completed, the vertical 
motion of the stage will produce a line with a loop at the end^ 
which is, perhaps, the most seady guide to the object sought 
for. 

After a number of trials and various altenUions, the present 
arrangement is the simplest and most effective 1 have been 
able to devise ; but being only an amateur workman, it does 
not contain so many ^^ perfections," perhaps, as any of our 
celebrated opticians may be able to add to it should it become 
an article of '* manufacture ;'' as, for instance, a wheel and 
pinion to give the circular motion, and again, by a graduated 
scale on the lever D, the sixe of the circle, which ranges up 
to an eighth of an inch, might be determined belbrehaiMl with 
the greatest nicety. Slid^ thus marked are by no means 
conspicuous, and require to be seen by reflected light to 
detect the rings. Their appearance may be judged of by the 



aocompanjing duplicates, one of which being mounted diy, 
that is, with the cover merely supported by its edge, will 
■how the delicacy and little risk there is in cracking the thin 
glass. In examining a slide, it will, of course, be occeatary 
to iiiinaB for the upper surface of the cover first, until the 
circle be found, when, on lowering the objectrg^lass, the 
■pecimen will be seen in the field, if the %ht in both cases 
has been central.— W. K, Bbidoman, Norwich. 

«■ ifcn aptiffiT ifiHrjufii jiiiMiM — Having read over the re- 
marks in your last number on the Aperture of Objeot^asses, 
by my friend Mr. Wenham and Dr. Robinson, I should wish 
to offer a few remarka ; not that I shall attempt to take np the 
valuable page* of your Journal by discussing the matter in 
the two papers, but I should wish to call attention to a par- 
ticular &ct connected with a well-conducted ezperiment 
named in my last communication, and which neither Mr. 
Wenham nor Dr. Robinson have noticed. For if it be a fact 
in one txue that the angle of aperture of an object-^ass be re- 
dooed when brought to bear on an object mounted in balsam, 
it must be so tn entry caae. The experiment which I refer to 
is one which I have again tried with great cantion, and with 
the same result. 



I^t a a be a pencil of light falling upon the under-sarfaoe 
of the anterior lens of a set of wide aperture, say 152°, and 
let the central ray of the pencil a a make an angle of abont 
75° with ^e axis of the lens bb; take two sliders, the one con- 
taining an object mounted dry, and the other an object mounted 
in balsam, and let them be so selected that the object in both 
sliders may be exactly in focus when placed under the ob- 
jective, without baring occasion to move the adjusting screw. 
Now, when the pencil of light makes an angle so great as 
above staled, a part of the field of view will not be p^fectjy 
illuminated ; place the slide with the dry object under the 
objective, and it will be found that the field is still partly 
illuminated as before; then remove this slide and place the 
one below containing the object mounted in balsam, the field 
is still invariably illumioated in the same manner, there being 
no fUfference in the illumination, however tbe rays may have 
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been refracted before they reach the objective, either by the 
glass in the first slide or by the glass and balsam combined in 
the second : it being thus proved that however the rays may 
have been refracted by the different media, and however we may 
reason from theory upon those refractions, the actual working 
aperture of the objective remains, under all conditions, exactly 
the same ; for if it were reduced by any of those refractions, 
not one single ray of the pencil a a could ever reach the eye of 
the observer at the upper part of the microscope. Indeed, I 
have tried this experiment with a set of lenses of 1-12 th of an 
inch focus and 152*^ of aperture, and on removing those from 
the instrument, and placing on it another set of the same 
power, but of 148^ of aperture, the field was unilluminated , 
and the effect of the black ground immediately produced, at 
once pointing out that if by any refraction the aperture of the 
lens had been reduced only 2^ on each side of the perpen- 
dicular, the effect of each refraction would have been imme- 
diately seen. . With respect to the markings on the Diato- 
macese, and the manner in which they are effected by balsam, 
I think Dr. Robinson has forgotten that none of those minute 
and beautiful forms are without some portion of colour ; and 
although balsam makes objects more transparent, and con- 
sequently appears to rob them of a part of their colour, it still 
leaves sufficient even in the smaller forms of the Diatomaceae 
to render both them and their markings perfectly visible. 
Who would ever contend that the markings on the larger 
Pinnularia are not much better seen in balsam than when the 
object is mounted dry ? and, as I stated in my last communi- 
cation, I have two slides of the N. rhomboides (^Amician test), 
the one mounted dry and the other in balsam, and I can at all 
times see the delicate markings on this object quite as well, 
or even better, on the specimens in balsam than on those 
which are mounted dry. To an uneducated eye the markings 
on the dry objects may appear more striking, on account of 
their stronger colour ; but to a well-educated eye the superior 
sharpness and exquisite beauty of those objects when balsam- 
mounted is such as it would be vain to look for when they are 
in their natural state. Again, I think it rather an unfair way 
of testing the visibility of the markings, either in or out of 
balsam, by the use of high eye-pieces ; for at the same time 
that you reduce the light by the eye-piece, you destroy the 
effect of the difference of colour, and therefore, of course, when 
this difference is small, as it is in balsam-mounted Diato- 
maceae, you might as well blot out the object altogether. To 
see objects well when they are so very transparent, you want 
all the light you can obtain, as the greater the light the 
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greater will be any dissimilarity in colour of the various parts ; 
but if you destroy the intensity of the light, by using a high 
power eye-piece, you might as well try to see it with the low 
power, and a telescopic sun-shade over it. I have a five-feet 
achromatic telescope which will show the fifth star in the 
trapezium of Orion very well with a power of 100 ; but with 
higher powers you cannot see the small star, because the 
telescope has not sufficient light to show the difference in the 
colour of the faint star and the nebula by which it is sur- 
rounded. This equally applies to microscopic vision, par- 
ticularly where the object is very transparent, and the difference 
in colour between the object and the balsam comparatively 
small. 

With regard to the diminished aperture, as made apparent 
by the methods employed by Mr. W enham and Dr. Robinson, 
when applied to balsam-mounted objects, I think it is very 
easy to account for the conclusions they have been led to ; 
for every one conversant with optical instruments knows 
that the larger the aperture in proportion to the focus, the 
greater will be the aberration of the rays passing through or 
from the edge of such aperture, as, in a telescope of large 
aperture, one angular inch in the centre will give as much 
light as eight or ten angular inches taken in the form of a 
ring round the extreme edge of the glass ; no wonder then, that 
in the objective of a microscope, where the diameter of the 
aperture is seven and a balf times that of the focus (which it 
is when the aperture is 152^), the aberrations from near the 
edges of the glass should be so great as to cause the rays not 
to be visible after having passed through balsam. 

I recollect that the last time I had the pleasure of seeing 
Mr. Wenham he told me he had made a l-8th, the aperture 
of which was somewhere between 170° and 180°, but on 
account of the weakness of the rays at the edges, arising from 
aberration, he would not undertake to say within 4° or 5° what 
the exact aperture really was. 

Witli these observations I shall conclude my remarks, being 
fully persuaded that when objects are mounted in balsam that 
medium has no effect in reducing the aperture of the objective, 
and that no external cause, except a fluid or other medium 
in actual contact with the objective, can, consistently with 
the known laws of optics, produce such an effect.— -J. D. 

SOLLITT, HuU. 



am WMlili4; aad €«BceBtnitlag Diatmuecs. — Having read in 

your last Journal the excellent paper by Mr. Okeden ^* On a 
mode of Washing and Concentrating Diatomaceous Earths," 
VOL. III. R 
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and baring htel j i»ed a similar process with some Miocess, by 
allowing the Diatoms to fall through a given length of water^ 
I beg to fotward yon the method I hare adopted. 

I first boil the deposit in strong hydrochloric acid for fire 
or ten minutes, then allow it to subside, pour off all the 
acid, and by a few washings get as much of it away as pos-^ 
sible. Then ti^eat the deposit in the same way with strong 
nitric acid, washing the deposit by repeated washings to get 
rid of the remaining acid. When this is done, I then separate 
the Diatoms according to their different gravities by allowing 
them to pass through a column of water in the following 
manner: — 

I take a long glass tube about four feet long and half an 
inch in bore. At the bottom of this tube is fixed a stopcock 
to enable me to let out any of the Diatoms during any stage 
of the process. Having nearly filled this tube with distilled 
water, I pour in my deposit washed free from the acids. I 
watch the deposit as it falls slowly and gradually down the 
tnbe, and with a Codington lens can easily detect the larger 
Diatoms as they are precipitated. In about a quarter of an 
hour, many of the larger forms will have descended to the 
bottom of the tube. By turning the tap at the bottom of the 
tube, I let out a drop of the mixture on a slide, and exandne 
it with a low power (^inch) ; and if it be tolerably clear, and 
the Diatoms of one character, I then let off five or six inches 
of the mixture into a test-tube, and set it aside for re- 
examination after the Diatoms have subsided. In a quarter 
of an hour more, I again let off into another test-tube six 
or eight inches more of the mixture, and place it aside to 
Settle. In half an hour more I let off into another test-tube 
six or eight inches of the mixture, which will contain the finer 
Diatoms by themselves, generally free frcmi all mud and 
sand. I then pass each of these washings again through 
the long tube of distilled water; and by examining the 
mixture during the process of its subsidence, I am enabled 
to let out the heavier particles of sand or mud, and to obtain 
pretty clean all those Diatoms which are alike in size, or at all 
events in specific gravity. Some Diatoms take a longer time 
than others in settling to the bottom of the tube, and sepatut^ 
ing themselves from extraneous matter, such as the JVitzschia 
ahsterinm^ &c. ; but, by a little patience, and an extra washing 
through the tube, these difficulties may, in a great measure, 
be overcome. By this method, I have found the Plearosigmata^ 
JPimmlaruBj SurirellcB^ and Synedns^ very well separated, ^ose 
of a like character being found together. I have been 
stimnlated to send you these few remarks on the washii^ of 
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Diatomacefe, on acoonnt of the great difflcolty I have hitherto 
experienced in procuring slides free from mud, sandy and 
other extraneous matters. — ^H. Munro, M.D., M.R.C.S.9 &c.» 
Hua. 



dypMia. — On September 6, 1 found in brackish 
water, near Yarmouth, what I took to be Canmylodiscus bicos^ 
tatusy specimens of which so named I distributed amongst 
several members of the British Association, at the Liverpool 
meeting. I now find it should have been named C elypeui^ 
and which I understand is new to Britain. — R. Wioham, 
Norwich, 



csurn mm tke mmrittem mf c— i te f, — Although I am aware that 
the existence of cilia on the OseillataruB has been inferred 
from the motion of particles of matter in the water in their 
neighbourhood, I am not certain whether any observer has 
distinctly seen them. It may be of interest to some of your 
readers to know that by using a dark stop with the achro- 
matic condenser, the whole surface of a large species of 
Oscillatoria (found in brackish water) may be seen covered 
with cilia moving in a circular sweeping wave round the 
axis of the organism: this motion is particularly distinct 
and beautiful at the sutures of the segments, where the 
cilia may be seen en profile^ and seem to form a distinct 
fringe. At the ^* smaller end," which one occasionally finds 
on the longer pieces, the motion is very lively, as well as that 
peculiar ^^ vermicular" waving which is so characteristic of the 
species. The ciliary movements are only to be made out 
clearly (in the specimens which I have examined) whilst they 
are in a state of progression^ which inclines me to suppose that 
that motion at least is produced by their agency. 

The object-glass used was a l-4th, of Mr. Pillischer's make, 
with a large angle of aperture, and the shallow eye-piece.«— 
G. H. KiNGSLEY, M.D., Olossop Hallf Derbyshire. 



Oa mm mmmf WMtkmd mi wtpiag TUa dlua C«r«n. — As many of 

the readers of the ^ Microscopical Journal,' like myself, may 
have found great difficulty in wiping the thin glass covers for 
microscopic objects, by the ordinary method of holding them 
between the thumb and finger, without occupying considerable 
time and frequently breaking them ; may I venture to suggest 
that the following method, which I have adopted for some time, 
will, I think, be found a much easier, and at the same time 
a much safer way of effecting the above object? 

After having washed the covers, I take two or three out of 

R 2 
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the liquid and lay them on a piece of calico spread out on a 
table or other flat surface. I then remove most of the liquid 
from one of the pieces by rubbing it on the extended calico. 
Having removed most of the moisture in this way, I place the 
cover on a piece of buff about 10 inches long and 2 inches 
wide, fastened on a fiat piece of wood of the same size, and 
by means of an old cambric handkerchief or bit of leather 
twisted round my fore-finger I rub it towards the other end, 
turning it in its course, when it will generally be found to be 
quite clean and fit to be put away ready for use at any time. 

With a litde practice this method will be found to be a 
very easy one^ and attended with very little risk of breakage. 
— William Hodgson, 62, York Street^ Lambeth, 

metallic impreMioas of ]niev«ac«pic ottjccia. — ^The transparency 
of some microscopic objects frequently renders it a matter of 
difficulty to determine satisfactorily the details of their surface 
structure, or whether indicated lines, dots, or markings, are 
really dependent upon exterior configuration. Many of these 
objects, from their translucency, refract and reflect light, in 
such various directions, that their superficial formation becomes 
almost a matter of conjecture ; neither is this doubt always 
to be resolved by viewing them as opaque objects, for in this 
case also, the same transparency prevents them from intercept- 
ing and dispersing a sufficiency of light, to render the question 
a conclusive one. 

The siliceous valves of the Diatomacece are a class of 
objects peculiarly possessed of the above characteristics. It 
has long been a point of dispute, whether the markings 
which nearly all these objects display are invariably caused 
by projections on their surfaces, or by the mechanism of 
their internal structure. I have long been of the former 
opinion. A careful study of the coarser varieties will 
distinctly prove that the markings are raised ribs or promi* 
nences on the surfaces ; in some instances occupying one 
side of the scale only, as seen in the Campt/Iodiscus spiralis, 
and others. Though the microscope proves this fact satis- 
factorily in the large species, it fails to do so in the most 
difficult specimens, chiefly on account of the above-named 
deceptive appearances, arising from the irregular refraction 
and reflection of light. 

It occurred to me that it might be possible to obtain a 
perfect cast or impression of the structure, and by viewing 
this as an opaque object, the errors of refraction would be 
avoided, and a discovery might be the reward of the experi- 
ment. I have succeeded in effecting this, by means of the 
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electrotype process, which, for many reasons, is to be pre* 
ferred, as it does not distort the object, and is so minutely 
faithful, that even the mere trace of organic matter left by a 
slight finger-mark is perfectly copied. The method that I 
have adopted is this — procure a small plate of metal highly 
polished (a piece of daguerreotype plate answers extremely 
well), and after gently heating it, rub a piece of bees'-wax 
over the surface ; while this is still melted, wipe it nearly all 
off again with a piece of rag, so as to allow a very thin film 
to remain. When the plate is cold, arrange the Dixiiomacem 
or other objects, previously moistened, upon the waxed 
surface, heat the plate again to at least 212^, in order to 
cement the objects on to it. The wax serves a twofold 
purpose — first its interposition prevents the possibility of a 
chemical union of the metallic deposit with the plate ; and 
secondly, the object is securely held thereto by its agency. 
The objects are now ready to receive a coating of copper. 
If the battery is in good working order, three or four hours 
will give a film sufficiently strong to bear removal ; when this 
is stripped off, if the process has been properly managed, the 
objects will be seen embedded in its surface. Whether they 
are siliceous or org^ic they may be entirely dissolved out, 
by boiling the cast in a test-tube, with u strong solution of 
caustic potash, and afterwards washing with distilled water ; 
the copper film may then be mounted in Canada balsam. 

By these means I have obtained distinct impressions of the 
markings of some of the more difficult DiatomacecBy such as N. 
Balticum^ P. Hippocampus^ Scc^leaving no doubt of their promi- 
nent nature. Care must be taken not to leave too much wax on 
the plate, or either a clean deposit will not be obtained, or the 
objects will be obscured by it. On the other hand, if too little 
is left, the copper will insinuate itself underneath the structure, 
and raise it from its place. Upon one occasion,! dried a section 
of wood on to a metal plate by heating it. In this state it 
appeared to be firmly adherent by its own resinous exudation. 
On placing it in connection with the battery over night, in 
the morning I found the bare section on the outside of the 
metallic deposit, upon which it had left a slight, though by 
no means a good impression. Even when a thin film of a 
non-conducting substance intervenes, the tendency of the 
deposit is to get as near as possible to the conducting plate, 
and in its endeavours to do so, it will fill every cavity and 
pore, however minute. 

There is another method of obtaining metallic casts of minute 
objects that gives some curious results, and is, therefore, worthy 
of mention : it is done by stamping, or the same process in 



246 MEMORANDil. 

miniature as that by which the plates of Auers' " nature- 
printing " are formed. Take some perfectly clean and bright 
tinfoil, three or four times doubled, and lay it upon a smooth 
block of metal. On the upper surface of the foil place the 
object ; hold upon this a short steel punch with a highly- 
polished face, and strike it a smart blow with a hammer. In 
this way fish-scales, feathers, and sections, may be fairly 
impressed in the tin. For delineation of surface this process 
is not much to be depended upon ; for if contiguous parts of 
the object are hard and soft, or more or less elastic, it will 
develop markii^ where they do not really exist. As an 
example, when a mouse hair was copied by the electrotype, 
it was shown to be nearly smooth, but when stamped into the 
foil, all its characteristic pigment-cells were displayed in the 
metal in a very beautiful manner. It has often been thought 
that these cells are real external cavities ; which appearance is, 
doubtless, a deception of refraction. The last operation also 
displays some singular peculiarities in other animal hairs. I 
think that it would be an improvement to make use of a 
fly-press instead of the hammer and punch. — F, H. Wenham. 



lf«te •■ Itafw ChrMMbi^ Pttpcv •■ Angidw ApMtB«» — We have 

received a communication from Dr. D'Alquen, containing 
" Further Remarks on Dr. J. W. Griffiths Paper, on the 
Angular Aperture of Object-glasses, &c.,'' in which that 
gentleman complains in very strong terms of the way in 
which his objections are noticed by Dr. Griffiths in the 
Micrographic Dictionary, Art Diatomacese, p. 203. And in 
support of his own views, he states that they had elicited 
the spontaneous approval of one of the best authorities on the 
subject, who had written to him to the following effect : — 

^^ I have, however, to congratulate you upon the plain and 
matter-of-fact method by which you refuted Dr. Griffiths^ 
visionary theory, and which I think he will find it difficult to 
answer, even if he should feel so inclined." — Editors. 



ERRATA. 

Page 110, line 36, for solid, read sold. 
„ 119, „ 36, /or Plate IX. r«Ki Plate VII. 
„ 124, „ 22, /or BoniferouB, rea«? ooniferoiiB. 
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MicaoscoFicAi. Society. December 27 th, 1854. 
Dr. Carpenter, President, in the Chair. 

A paper was read by the President, on the Development of the 
Embryo o{ Purpura lapiUus (Transactions, vol. iii., p. 16). 
J. Shuter, Esq., was balloted for, and elected a Fellow. 

January 24M, 1855. 
N. B. Ward, Esq., in the Chair. 

A paper was read from Mrs. Herbert Thomas, on Cosmarum 
margriatiferumy and other DesmidesB. 

Dr. Herapath, of Bristol, and J. B. Smith, Esq., were balloted 
for, and duly elected. 

February 28^, 1855. Anniversary Meeting. 
Dr. Carpenter in the Chair. 

The Beport of the Council was read. The President delivered 
an address. 

F. C. Hills, Esq., Charles L. Leaf, Esq., Dr. F. Degrave, and 
B. C. Grifiithis, Esq., were balloted for and elected. 

The ballot for officers resulted in the re-election of Dr. Carpenter, 
President ; N. B. Ward, Esq., Treasurer ; and J. Quekett, Esq., 
Secretary. 

The following gentlemen were added to the Council :-*-J. N. 
Furze, Esq., H. Perigal, Esq., Jun., Bev. J. B. Beade, and J. B« 
Simonds, Esq. 

BOTAL SOCIETT. 

*^ Micro-chemical Researches on the Digestion of Starch and Amy* 
laceous Foods,^* By Philip Burnard Atbes, M.D., Lond. 
Communicated by John Bishop, Esq., F.B.S. Beceived Janu- 
ary 11, 1855. 

Afteh some general historical remarks on the methods hitherto 
employed in the investigation of the complicated phenomena of the 
process of digestion, the comparatively small results obtained by 
chemical analysis of the contents of the stomach, intestinal canal, and 
of the evacuations, by Tiedemann and Gmelin, Berzelius, and others, 
the author proceeded to demonstrate the necessity of a minute ex- 
amination of the contents of the alimentary canal by the microscope, 
and such chemical tests as we possess for the determination of the 
changes of such articles of food as exhibit definite structure. 

In order that we may ultimately arrive at a complete exposition 
of the phenomena of digestion, he is of opinion that it will be neces- 
sary to examine, — first, the structure of particular kinds of food, 
then the changes produced in them by cooking, and lastly to trace 
the changes they undergo at short intervals, through the alimentary 
canal from the stomach to the rectum. The results of a series of 
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researches of this character on the changes in starch, and starch- 
containing foods, are presented in this memoir. 

The method adopted for the examination of the changes in starch 
and starch-foods was as follows: — an animal was kept &sting 
twenty-four hours, and afterwards confined to a diet consisting of 
the starch or amylaceous food, with water, for five or six days, until 
the debris of all other kinds of food previously taken were cleared 
from the alimentary canal. At a determinate time, after a meal, 
the animal was killed, the abdomen laid open as quickly as possible, 
and ligatures placed at short intervals on the intestinal canal, from 
the pyrolus to the rectum. The contents of the stomach and each 
portion of the intestinal canal included between the ligatures was 
then carefully examined. This mode of examination sufficed to 
determine the changes which occur in the food during normal diges- 
tion ; but other questions as to the particular secretion or secretions 
by which the changes observed were effected. 

The fluids poured into the alimentary canal are five in number, — 
the saliva, gastric juice, bile, pancreatic juice, and finally, the intes- 
tinal mucus. 

The influence of the saliva is easily determined, by chewing the 
particular food subjected to experiment, and keeping the mixture at 
about 98° Fahr. The combined action of the saliva and gastric 
juice is seen in the contents of the stomach. To detennine the 
action of tlie bile, the common bile-duct was tied, and to ascertain 
the action of the intestinal mucus, it was necessary to ligature the 
bile and pancreatic ducts. If the digestion of the substance is not 
effected in the stomach, it is evident that it cannot be attributed to 
the saliva or gastric juice ; if the digestion is still effected in the 
intestinal canal after ligature of the bile-duct, it cannot be attributed 
to the action of the saliva, gastric juice or bile ; if it still go on 
after lij^^ature of the bile and pancreatic ducts, the digestive power 
must of necessity be referred to the action of the intestinal mucus, 
provided no change has previously taken place in the stouiach ; but 
if the food passes unchanged af^er cutting off the supply of bile and 
pancreatic juice, but proceeds after ligature of the bile-duct alone, 
the act of digestion must be referred to the pancreatic juice. 

The author first briefly describes the structure of the starches and 
starch-containing vegetables employed in his experiments ; then the 
changes produced by cooking, and finally enters on a minute descrip- 
tion of the changes observe<l in the experiments he performed on 
normal digestion, and after cutting off the supply of bile and pan- 
creatic juice. 

The correct appreciation of the structure of the starch-granule is 
of considerable importance in relation to these investigations, and 
the author believes that he has been able to afford a satisfactory 
solution of this vexed question. The changes observed during the 
digestion of starch &vour the original opinion of Leuwenhoeck, that 
the starch-granule consists essentially of an investing membrane or 
cell- wall, enclosing sm amorphous matter, the true starch, which 
strikes an intense blue colour with iodine ; and these changes also 
support the opinion of Professor Quekett, that the concentric circles 
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seen on the starch-granules of many plants are simple foldings of 
the investing membrane, leaving it still doubtful, however, whether 
tliese concentric circles are not in the starches of some plants com* 
posed of linear series of dotted elevations or depressions of the in- 
vesiting membrane. 

By these experiments it was determined that the concentric circles 
remain after the whole of the starch matter, colourable by iodine, 
was removed, and that even then the characteristic cross and colours 
were still seen when the granules were viewed by polarized light, 
although more feebly than before ; this result being probably due 
to the lessened power of refracting light, alter the removal of the 
starch matter. 

After describing the structure of the wheat-grain and flour, the 
changes occurring in the wheat-starch during the manufacture of 
bread are given in detail ; but the most interesting of the changes 
produced by cooking are those seen in the boiled or roasted potato 
and in the boiled pea. 

In each of these the act of cooking effects two purposes : — ^it 
causes great enlargement and physical change of the starch-gran ules^ 
and dissolves the intimate adhenon of the starch-cells, which after- 
wards appear as ovid or globular, slightly adherent bodies distended 
by the swollen starch granules, the outlines of which are indicated 
by more or less irregular gyrate lines, produced by the mutual com- 
pression of the starch-g^ranules within an inelastic cell-membrane* 

The starch-granules of the pea possess a much thicker investing 
membrane than those of the potato, which causes their outlines to 
remain much more distinct after the removal of the true starch sub* 
stance during the process of digestion. The other structures seen 
in the pea are carefully described ; the most curious among them 
being the cells composing the external layer of the testa, which 
bear so strong a resemblance to columnar epithelium of the intes- 
tine, that they might be mistaken for the latter by an inattentive 
observer. 

The substances submitted to experiment were, — 1, boiled wheat- 
starch; 2, wheaten bread; 3, uncooked tons les mois; 4, boiled 
tons les mois ; 5, boiled potato ; 6, uncooked peas ; 7, boiled peas ; 
8, boiled peas after ligature of the bile-duct; 9, boiled potatoes 
after ligature of the bile and pancreatic ducts. Several subsidiary 
experiments were made to determine the action of the intestinal 
mucus, the saliva, and the substance of the pancreas, on starch. 

The conclusions at which the author arrives from the experiments 
are, — 

1. That the starch-granule is composed of two parts, chemically 
and histolc^ically distinct, — a cell-membrane and homogeneous 
contents. The markings seen on many varieties of starch are re- 
ferred to folds or markings of the investing membrane. 

2. No perceptible change occurs in the starch, whether raw or 
cooked, during its sojourn in the stomach of quadrupeds or the 
ventriculus succenturiatus and gizzard of birds ; all the g^nules 
preserve their perfect reaction with iodine and their pristine ap- 
pearance. 
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3. Tlie coovernon of boiled starch into dextrine and glucose ie 
ehiefly efiidcted in the fint few inches of the small intestine, but it 
continues to take place in a less degree throughout the entire intes- 
tinal canal. 

4. In the digestion of boiled wheat or other starch, or of wheaten 
bread, the bulk of the mass rapidly diminishes in its passage through 
the small and huge intestines, so that it ultimately yields only a 
small quantity of fiscal matter. After being deprived of their con- 
tentSy the membranes of the gpranules shrink and shrivel up into a 
minute granular matter, which constitutes the chiefs bulk of the 
fiecai evacuations after an exclusive diet of starch food. 

5. The digestion of raw starch food (peas) in the pigeon or other 
granivorous birds goes on much more slowly, and progresses pretty 
equally throughout the entire intestinal cand. The starch-g^ranules, 
whether free or included in cells, become intersected by radiating or 
irregular lines or fissures, more or less opaque or granular ; they 
also gradually lose their characteristic reacticoi with iodine ; and 
this important change, commencing at the sur&ce, progresses 
towards the centre, untU the whole of the starch matter is removed, 
leaving the starch-membranes often apparently whole, retaining 
their characteristic markings. The fissured and granular condition 
of the starch-granules is not due to their trituration in the g^izzard, 
but to the action of the intestinal fluids, since it was often seen in 
granules enclosed in and protected by perfect starch-cells. In the 
digestion of raw starch food, a considerable quantity always escapes 
change, for many starch-cells and granules in the foces perfectly 
retain the characteristic reaction with iodine. 

6. As the starch remains unchanged in the stomach, its convert 
sion into glucose cannot be attributed to the saliva or gastric juice, 
unless we suppose tiiese fluids to remain inactive in the stomach, 
and suddenly to regain their activity in the first part of the small 
intestine. The author found that the saliva was capable of eflecting 
the conversion of starch into glucose, but that the mixture of saliva 
and gastric juice in the stomach did not possess that property even 
after being rendered alkaline by carbonate of soda. It is probable 
that the converting power of the saliva, as it flows from the mouth, 
depends not on the true saliva, but on the buccal mucus ; for Ma- 
gendie found that saliva taken from the parotid duct was wholly in- 
active, while the mixed saliva from the mouth effected the conversion 
with greaX facility. Unless, then, the sublingiial and subroaxilliary 
glands secrete a difibrent fluid firom the parotids, it is evident that the 
activity of the saliva must be attributed to the buccal mucus. 

7. The difiRnence between the digestion of boiled and raw starch 
in dogs is seen in the experiments on the digestion of boiled wheat- 
starch, boiled tons les mois, and bread. In all these, some starch- 
granules escape the action of heat and water, and remain in nearly 
their pristine condition. These uncooked starch-granules undergo 
slow and imperfect changes, being fissured, broken, and more or less 
altered, but, in general, retaining their characteristic reaction with 
iodine. 

8. The conversion of starch into glucose is not efiected by the 
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bile, since after ligature of the commoo bile-duct, the dianges occur 
to as great an extent as when the bile passes freely into the intes- 
tinal canal* 

9. It is not due to the pancreatic juice, inasmuch as after ligature 
of the bile and pancreatic ducts in the same animal, the digestion of 
starch is still effected. 

10. The only remaining secretion is the intestinal mucus, which 
is especially abundant at the upper part of the intestinal canal ; and 
a further proof is afforded of the activity of the intestinal mucus 
taken from the upper part of the duodenum above the entrance of 
the pancreatic duct after ligature of this duct and the common bile- 
duct, by its capability of converting a large quantity of fresh-boiled 
starch into glucose out of the body, 

11. In the cooking of^'^starch-containing vegetables, such as pota- 
toes and peas, the adhesion of the starch-ceUs is dissolved or weak- 
ened so as to render them easily separable and amenable to the 
action of the intestinal.fluids. At the same time the starch-granules 
undergo a large increase in bulk, distend the cells, and by their 
mutual compression, their outlines present the appeantnce of gyrate 
lines beneath the cell-wall. The cells seldom burst so as to emit 
their contents, or present any appreciable opening through which 
the intestinal fluids can directly penetrate. The author cannot 
positively affirm so much of the starch-membranes, because these 
are so extremely delicate that fissures might be invisible, but he 
believes that in a great number the membranes remain entire. 

12. If this be the case, the conversion of starch matter into 
glucose must be effected by the permeation or endosmose of the 
intestinal fluids through the invisible pores of two membranes, in 
the digestion^ of the pea, the potato, and other similar foods, and the 
glucose must escape through the same membranes by exosmose. 

13. Before the conversion of starch into glucose, the amylaceous 
matter contained in the starch is more dense than the intestinal 
mucus in immediate contact with the cells, and an inward current 
or endosmose is established ; but afler that conversion the syrupy 
fluid is less dense than the mucus, and then an outward current or 
exosmose occurs, by which the glucose escapes from the cells into 
the intestine and is absorbed. If this be the case, as the details of 
the experiments tend strongly to prove, a new and important func- 
tion is assigned to the intestinal mucus. 

14. In normal digestion, chyme escapes very slowly from the 
stomach into the duodenum, in small quantities, as it is detached 
from the alimentary mass by the muscular movements of the stomach, 
and this gradual propulsion oflen occupies several hours after a meal. 
This slow propulsion is evidently intended to expose the commi- 
nuted food fully to the action of the intestinal juices, and produce 
an intimate mixture with them. The comparatively empty condi- 
tion of the upper part of the small intestine, even during active 
digestion, is thus fully explained. 

15. If the food be too finely divided or incapable of a second 
solidification in the stomach, it passes too rapidly into the first part 
of the small intestine, is insufficiently mixed with the intestinal 
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fluids, and a considerable part escapes digestion. On the other 
liandy if it enters the small intestine in masses incapable of reduction 
by the muscular action of the parts or solution in the fluid, it tra- 
verses the intestinal canal unchanged, except at the sur&ce, which 
is then alone exposed to the action of the intestinal fluids. 

16. It is not necessary for the conversion of starch into glucose 
that the fluids in the duodenum or other parts of the intestinal 
canal should be alkaline, or even neutral, for in several of the expe- 
riments the contents of every part of the alimentary canal had an 
acid reaction. 

17. The greater part of the intestinal mucus is not excremen- 
titious, for little, if any, mucus is perceptible in the feces in normal 
digestion, except at their surface, whereas the greater proportion of 
the contents of the small intestine consists of mucus. A consider^ 
able quantity of mucus is seen in the csecum, but it rapidly dimi- 
nishes in the colon, and is scarcely detectible in the fteces, except 
that on the sur&ce, which is probably derived from the mucous 
membrane of the rectum. The author raises the question, whether 
one of the chief functions of the caecum is not to efiect the conver- 
sion of the intestinal mucus into some other substance capable of 
re-entering the blood, and performing some ulterior purpose in the 
animal economy. 

18. In normal digestion, the separation of the epithelium of the 
mucous membrane of the intestine is the exception instead of the rule, 
as stated by some physiologists. The author questions the theory of 
the detachment of the epithelium of the villi in each act of absorp- 
tion, on the grounds that the presence of detached epithelium was 
unfrequent in the whole course of his experiments ; that epithelium 
is readily detached by manipulation ; that the continual reproduc- 
tion of such a vast amount of cell-tissue must necessarily be accom- 
panied by a vast expenditure of vital force ; and finally, that it is 
not necessary, because fluids readily penetrate epithelial membranes. 

19 The passage of a given food through the whole length of the 
intestinal canal may occupy a comparatively short time, especially 
when the animal is fasting. In one experiment, where a pigeon 
refused food until the faeces contained no visible debris of previous 
food, starch-granules were detected in the fsces within two hours 
after a meal, and this although the intestine of this animal is ex- 
tremely narrow, and about a yard in length. 

20. A remarkable circumstance in the digestion of starch or 
fttarcii foods is the constant presence of myriads of vibriones in the 
lower part of the intestinal canal. They are generally first observed 
in the lower part of the small intestine, as minute brilliant points, 
just visible with a power of 600 diameters, in active move- 
ment. They increase in numbers towards the caecum, in which a 
large number of fully-developed vibriones are constantly seen. 
These minute organisms increase in size and length in the colon 
and rectum, and their fissiparous mode of propagation, first described 
by the author in the * Quarterly Journal of Micro^copical Science/ 
may be distinctly traced by examining the contents of th^e por- 
tions of the intestine. 
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ZOOPHYTOLOGY. 

Under the above not very scientific term, it is our intention 
to devote in each number of the Journal one, two, or more 
plates, as occasion may require, illustrative of new forms 
belonging to the various classes of animals included under the 
vague though popularly well understood term of Zoophytes ; 
or, more particularly, of those among them which from their 
size are necessarily subjects of microscopic research. These 
are principally the Hydrozoa or Anthozoa hydroida of Dr. 
Johnston. The Asteroid and Helianthoid divisions, scarcely 
requiring the microscope for their determination, are not in- 
cluded in our design. 

In this department of the Journal we shall give — 1. Figures 
and descriptions of new or hitherto undescribed species from 
any part of the world, as they may come under our observa- 
tion or be furnished to us by others. We should therefore be 
obliged to those who take an interest in this branch of Zoology 
to aid us by the communication of such observations, with 
respect to new forms, as they may be desirous of presenting 
to the world. 2. Observations on the anatomy and physiology, 
&c., of the creatures comprised in the scope of our design, 
illustrated or not. And 3. Notices of new species or original 
observations published elsewhere. 

As one very important, if not the most important, object of 
this undertaking is to assist in the arriving ultimately at some 
correct notions with respect to the geographical distribution of 
these creatures — a problem apparently of the most curious 
kind ; it is highly desirable that any localities should be 
assigned only upon good authority, and, if possible, accom- 
panied with particulars as to the depth, bottom, and nature of 
the surface upon which the polypidom or polyzoary grows. 
Specimens for the purpose of representation, or drawings, will 
be duly preserved and returned. 

In the present number we commence with an enumeration 
of Zoophytes of the two classes of animals above mentioned, 
collected in the Arctic seas. The majority were brought 
home by Dr. Sutherland, surgeon to H. M. S. Sophia ; others 
by Sir E. Belcher, in what may perhaps be the last of Arctic 
voyages ; and for two specimens we are indebted to our friend, 
Mr. C. Peach, whose well-known accuracy is a sufficient 
guarantee for the correctness of the habitat. 

Even in this limited though interesting collection, it will 
be seen that several new and remarkable forms are contained, 
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and that other wideHiqpread species, though extending through 
the torrid, despise the utmost rigours of the Arctic zone. 

The arrangement of the Poljrzoa, which it is purposed here 
to adopt, is that according to which the marine Polyzoa are 
disposed in the catalogue of those in the British Museum, 
drawn up by Mr. Busk ; the names of already-known species 
are those there employed, where also figures of every species, 
and the synonymy will be found. 

ClMB. POLYZOA. 

Order I. P. infundibitlata. 

Sub-order 1. Cheilostokata. 
6 1. Articulata. 
§§ 2. Bi-multiserialaria. 

1. Fam. Salicornabiad^. 

1. Gen. Salioornaria, Cuv. 
1. S. horedlis, n. sp. PI. I., fig. 1, 2, 3. 

Front of cell elongated, slightly contracted below, arched above ; surface 
and raised margin smooth ; avicularium on the front of the cell near the 
bottom ; mandible triangular, acute, pointing downwards. 

Hab. West Greenland, 73° 20' N. ST** 20' W., 6 to 10 fms. Dr. Suther- 
land. 

A very distinct and well-marked form. The polyzoary, which is com- 
posed of club-shaped intemodes, varying greatly in size, is irregularly 
dichotomous, and from one to two inches in height. 

Fam. CBLLITIiABIADJS. 

8. Gen. Menipea, Lamx. 
1. M, ardicc^ n. sp. PI. I., fig. 4, 5, 6. 

Cells 3 — ^9 in eaoh intemode, rbomboidal; aperture oval, contracted 
below ; a marginal spine on each superiorly ; central cell at a bifiurcaticm 
mucronate at the summit. Ovicell smooth. 

Hab. W. Greenland, 73° 20' N. 57° 20^ W., 6 to 20 fms. Assistance 
Bay, 74* 50' N. 94° 16' W., 15 fms. Dr. Sutherland. 

This species, which at first sight much resembles a Cellularia, differs 
from all its congeners with which I am acquainted in the absence of any 
avicularium on the anterior aspect of the cells. The lateral avicolarinm 
is also frequently absent, and fragments thus unfurnished could only be 
distinguished from the genus Cellularia by the rbomboidal form of the 
back of the cells, and the absence of the perforations which exist on the 
back of the cells in all species properly belonging to that genus. 

Gen. 3. Scrupocellaria. 

1. 5. ncrupea f B. M. Cat., p. 24. R. XXI., fig. 1, 2. 
Hab. Arctic sea. Sir £. Belcher. 

The determination of this form having been made from only a very 
minute specimen, growing on the inside of a valve of Terebrattda piittaoea, 
is not absolutely certain, but I have little doubt of its correctness. 

§ 2. Inarticulata sen oontinua. 
§§ 1. Unlserialaria. 
Gen. 4. Hippothoa, Lamx. 
1. Jff. divaricata, Lamx. B. M. Cat., p. 30. PI. XVIII., fig. 3, 4. 
Hab. Arctic sea. On valveof 2n5r0&na<t4to|w«t^(ieea. Sir £. Belcher. 
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Flan. MXICBBAKIPOBIBJB. 

Gen. 5. Membranipora, Johnst. 

1. M. SophuBy n. Bp. PI. I., fig. 7. 

An avicnlarium on either side, on the margin of the apertujre. Two mar- 
ginal spines on either side below the avicalaria. 

Hab. Assistance Bay (ut supra). On fucns. Dr. Sutherland. 

The species to which the present form most nearly approaches are — 
M, Flemm^iy B. M. Cat, p. 68. 
M, lineatan Linn. 
M.faUaoiy Fleming. 

From the first of these it is distinguished by the position of the avicu- 
laria and the number and situation of the marginal spines. From the 
second by the small number of the spines, and the position of the avicu- 
laria. From the third, about whose diaj^inctness Dr. Johnston, as I think 
erroneously, appears to have doubts, ly the number and situation of the 
avicularia, and the number and situation of the marginal spines. Of the 
three it most nearly approaches M, FUmingii, but I entertain no doubt of 
its distinctness. 

2. M. Flemingii. B. M. Cat., p. 68. PI. LXI., fig. 2 ; PL LXXXIV., 

fig. 4, 6, 6 ; PI CIV., fig. 2, 3, 4. 

Hab. Arctic sea. Sir £. Belcher. 
Gen. 6. Lepralia, Johnst. 

1. L, hyalina, Linn. B. M. Cat., p. 84. PI. LXXXII., fig. 1, 2, 8 ; 

PI. XCV., fig. 3, 4, 5 ; PI. CI., fig. 1, 2. 

Hab. Assistance Bay and W. Greenland (ut supra). On fucus. 6 to 
SOfms. 

This species, which is liable to numerous varieties, ranges from the 
Arctic almost to the Antarctic seas, and abounds in all intermediate lati' 
tudes. Its longitudinal range appears to be nearly equally extensive. It 
occurs, for instance, in the Falkland Islands, JDarwin ; Cape of Good 
Hope, Ha/rvey ; California, Dr. Svncknr ; and is common in the seas of 
Europe. 

2. L. scuttdatOj n. sp. PI. IT., fig. 1, 2. 

Cells ovate ; a scutiform or ovate space on the front, bounded by a 
raised line, within which the surface is punctate. Mouth rounded above, 
lower lip straight; a projecting rostrum below the mouth, sometimes 
absent. OviceU 

Hab. W. Greenland (ut supra). On fucus. Dr. Sutherland. 

A very peculiar and distinct form. It is remarkable by the circumstance 
that the cells gradually diminish in size from the centre to the periphery 
of ihe patch formed by the polyzoary. 

Fam. EsGHABiDA. 

Qen. 7. Eschara, Bay. 

1. E. cervicomisy Ellis and Soland. B. M. Cat. PI. CIX., fig. 7 ; 

PL CXIX., fig. 1. 
Hab. Arctic sea. Sir E. Belcher. 

The fragments collected, which are of some size, indicate that this 
species fiourishes in full vigour in the Arctic ocean. 

2. E. f n. sp. ? 

Hab. Arctic sea. Sir E. Belcher. 

This form, the determination of which has not been made as yet with 
sufficient certainty, appears to be new. The polyzoary is composed of 
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slender cylindrical branches. Its description and representation are 
reserved for a fnture occasion. 

Sub-order II. Ctclostomata. 

Fam. TUBXTLIPORIDiB. 

1. Gen. Tubulipora, l4unk. 

1. T. ventrtcosa^ n. sp. PI. 11., fig. 3, 4. 

Polyzoanum sub-erect or recumbent attached by a contracted stem, 
which rapidly expands above into a hollow calcareous vesicle, from which 
the tubes project irregulariy and of various lengths. 

Hab. W. Greenland (tf# 9upra), On fucus. Dr. Sutherland. 

Some of the simple forms of T. serpens, or flabeUariSy might on occasion 
perhaps be confounded with the present species ; but it nevertheless, from 
comparison of several specimens, appears to me to be quite distinct. 
The polyzoary, which, though recumbent, is usually wholly unattached 
above, is about l-8th of an inch in length. It arises by a contracted por- 
tion or stem, which is usually more or less curved or contorted ; and 
speedily expands into a wide ventricose dilatation, in which the upper 
tubes are immersed for a considerable part of their length. The tubes 
project irregularly from all parts of the exposed aspect of the polyzoary, 
and are themselves smooth or faintly ringed with lines of growth, whilst 
the surface of the vesicular dilatation, which doubtless corresponds with 
an ovioell, is finely punctate. When perfect the orifice of the tubes 
exhibits a tooth-like projection on one or two sides. 

2. Gen. Discopora, Fleming. PI. in., fig. 1. 
1. D. ciliata^ n. sp. 

Orifice of tubes furnished with numerous slender spines. 

Hab. Assistance Bay and W. Greenland. On fucus. Dr. Sutherland. 

The figure of this minute species will be given in a subsequent plate. 
It bears a remote resemblance to Disccpora hispida (Tubvlipcra htspida, 
Johnst.), but difiers in the numerous slender spines with which the orifice 
of the tubes is furnished. 

Class. HYDROZOA. 
Fam. Sebtulabiads. 

Gen. 1. Sertularia, Linn. 

1. 8, pdyzonias 1 PL II., fig. 5, 6. 

Hab. Greenland. Peach. 

From the small specimen thus characterized, and which is unfurnished 
with the ovicell, it would appear that this cosmopolite species extends 
even into the Arctic circle. It seems to abound in all parts of tiie world. 

2. P. tmhriccUa, n. sp. PI. 11., fig. 7, 8. 

Cells sub-opposite, very close, urceolate, wide and deeply immersed 
below ; contracted and free for a short distance above ; margin of mouth 
slightly raised on each side. Polypidom simply pinnate ; pinnae sometimes 
forked, long and drooping. Ovicell P 

Hab. Greenland. Peach. 

I am unable to reconcile this form with any other, and therefore venture 
to give it the above designation. 
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EXPLANATION OF PLATES III. AND IV. 



N.B. — ^AU the figures are drawn under the same magnifying power, 
save 2, 3, 4, and 9, which are much more highly amplified. 

Fig. 

1. (Plate III.) — One of the vitelline spheres or ova (there being then no 
perceptible difference between them) from a newly-formed capsule. 

2. — ^A small portion of the vitelline substance highly magnified. 

3. — Vesicula directrix, apparently single. 

4. — Vesicula directrix, double. 

5. — Segmentation of vitelline spheres ; a, b, c, d, e, successive stages. 

6.— Segmentation of vitellus of true ova ; a, h, c, successive stages. 

7. (Plate IV.)^--Mass of vitelline segments beginning to coalesce, but 

torn apart so as to show an embryo, a, in the interior ; on either 
side are embryos in various stages of development, found in the 
same capsule, but not imbedded in the conglomerate mass. 

8. (Plate III.) — Early stages of development of embryo, up to the forma- 

tion of the mouth and cesophagus. 

9. — Ciliated mouth, as seen laterally at a, and from above at h. 

10. — Conglomerate vitellus, with attached embryos drawing-in its com- 
ponent particles. 

11. (Plate IV.) — Portion of a similar mass, ^vith embryos, a, h, c, d, 
attached, aud others, e,/, detached, from the same capsule, of very 
different sizes. 

12. — Embryo having its transparent peripheral membrane speckled by 
small adherent particles, resembling the vitelline particles in fig. 2. 
This appearance is not at all uncommon. 

13. — Three embryos, a, 6, c, of larger size ; their ciliated lobes obliterated 
by distention. 

14. — ^An embryo of unusually large size, with portion of conglomerate 
vitellus still adherent. 

15, 16. — More advanced embryo, with ciliated lobes and foot fully deve- 
loped, and the newly-appropriated vitellus in process of conversion 
into other organs. 

17. — A small embryo, which has apparently only just began to ingest 
its supplemental vitellus ; this being superposed ujion the original 
yolk-mass. 
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EXPLANATION OF PLATE X. 
Figures illustrating Dr. Busch on Noctiluca. 

1. — NoGtQuca punctata, Busch (mUiaris, £. and G.). a, border tamed 
in at the hUus ; b, sharp bordered rod ; c, brown body (nucleus^ 
Quatref.) ; d^ prdboecis ; /, brown oorpnscles seen in the interior. 

2 and 3.-^Germ8 of NoctHuccB found in empty sacculi, 

4. — ^Farther development of the germ, c, brown body (nucleus) ; d, yro^ 
boseis, 

5 and 6. — Young NoctUucof, 6, rod ; c, brown body (nu^deus) ; d, pro- 
hoacis, 

•7.— Monstrous NodUuca. 

8. — I'he granular body from the interior of the Noctiluca (tig. 1/) highly 
magnified. 

9. — Luminous discs found among the Noetilucoe, 
10. — The minute bodies seated on the upper border of these discs. 



Figures illustrating Dr. Allman's Paper. 

11. — Bwrtaria leucaSy Ehr., magnified about 90 diameters. 
a. Nucleus. 
h» Contractile space. 

c. Digestive vapuole filled with food. 

d. Mouth. 

12. — Ideal Section of Bur^ria leucas, 
a. Nucleus. 

e. Dermal layer containing trichocysts, and covered with cilia. 
/. Green globules forming a distinct stratum beneath the 

dermal layer. 
g. Granular colourless contents. 

13. — ^A portion of the outline of the animal after the application of acetic 
acid. The tricliocysts have become changed into long acicular 
bodies, some of wiiich radiate from the surface, to which they 
still partially adhere, while others are scattered over the stage of 
the microscope. 

14. — A greatly enlarged view of the margin, to show the position of the 
trichocysts. 

/. Green globules. 
a. Granular contents. 
X. Trichocysts. 
t. Cilia. 

15. — Isolated trichocysts in a quiescent state. 

16. — First stage of evolution — the trichocysts have become transformed 
into s^Sierules. 

17. — Second stage of evolution — the spherules are replaced by a spiral 
filament, which rapidly unrolls. 

18. — ^Final stage of evolnti<m — ^the completely unrolled filament lies as a 
transparent spicnlum in the field of the microscope. 

k. Spicula with a filiform appendage at one extremity. 
' I, Spicula without the filiform appendage. 

s 
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ZOOPHYTOLOGY. 



Description of Figures. 

PLATE I. 

I. — Salicomaria horealia (natural size.) 

2. — The same, magnified about 40 diam. 

3. — ^The same, magnified abunt 80 diam. 

4. — Menipea arctica, magnified about 40 diaiu. 

5. — Front view of a cell, with avicularium, magnified 80 diam. 

6. — Back view of part of a branch, magnified about 80 diam. 

7. — Membranipora Sophice^ magnified 80 diam. 

PLATE 11. 

1. — Tjepralia scuttdata, magnified 40 diam. 

2. — The same, magnified 80 diam. 

3. — Tubidipora ventiicosa^ magnified 40 diam. 

4. — Extremities of two tubes magnified about 80 diam. 

5. — Sertidaria poiyzonias f (natural size.) 

6. — ^The same, magnified about 40 diam. 

l.-^SerttUaria imhricata (natural size.) 

8. — ^The same, magnified about 40 diam. 

9.—- The same, magnified about 80 diam. 
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ORIGINAL COMMUNICATIONS. 



On the Structure of the Cutaneous Follicles of the Toad, 
toith same Experiments and Observations up&n the Nature 
and alleged Venomous Properties of their Secretion. Bj 
George Rainet, M.R.C.S., Lecturer on Anatomj, &c. &c., 
St. Thomas's Hospital. 

From time immemorial a venomous quality has been attributed 
to one or other of the secretions of the toad. Scarcely any one 
who has spent much time in the provinces of this, and other 
countries, has failed to hear of instances of supposed poisoning 
by this reptile : these accounts, however, have always been so 
vague and imperfectly attested, as to obtain credit only among 
the uninformed and superstitious classes of the people, so that 
by enlightened persons the belief in the venomous powers of 
the Toad has been regarded only as a vulgar prejudice. Such 
were the doubts and opinions entertained upon this subject 
as late as 1851, when they were said to be set at rest, and the 
poisonous nature of the cutaneous secretion of the toad de- 
monstrated by two French philosophers, MM. Gratiolet and 
S. Cloez, who, by inoculating various animals with the secre- 
tion in question, produced, according to the account given of 
these experiments, most decided results, and, in some in- 
stances, almost immediate death. 

The experiments performed by these gentlemen were de- 
scribed in many of the periodicals of this country. The 
following are recorded in the * Zoologist * for November 1852 : 
'*The first experiment was prosecuted on a little African 
tortoise, which was inoculated with some of the toad-poison in 
one of the hinder feet ; paralysis of the limb supervened, and 
still existed at the expiration of eight months, thus demon- 
strating the possibility of local poisoning by the agent. In 
order to demonstrate whether the poisonous material spoiled 
by keeping, these two gentlemen procured about twenty-nine 
grains of the poison on the 25th of April, 1851, and having 
placed it aside until the 16th of March, 1852, they inoculated 
a goldfinch with a little of this material ; the* bird almost 
immediately died. Subsequently the investigators succeeded 
in eliminating the poisonous principle from the inert matters 
with which it is associated in the skin-pustules, and they 
found that when thus .purified, its effects are greatly more 
intense than before." Although the only way to investigate 
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this subject so as to lead to the decision of this long-contro- 
verted question, is to repeat the experiments of these investi- 
gators under, as nearly as possible, the same circumstances as 
Uiose under which they were performed, and note carefully 
the results, still there are some objections to the conclusions 
to which tbey seem to have arrived, which deserve to be 
noticed. With respect to the first experiment, as an isolated 
example, it, in my opinion, proves nothing positive, nor can 
it have any weighty unless a similar effect can be produced 
upon the same species of animal whenever, the secretion is 
applied in sufficient quantities. The alleged facts of this 
secretion being, as it were, only a diluted kind of venom, and 
containing a poison separable by chemical reagents, seem at 
variance with the nature of organic animal venoms generally, 
such as that of the Viper, the Bee, &c., which, in their natniai 
state, are sufficiently concentrated to produce the most unequi- 
vocal effects as animal poisons. Besides, organic poisons of 
this kind are most probably so easily decomposed, that the 
chemical means employed to isolate their poisonous principle, 
could scarcely fail to destroy its specific properties. But 
before describing the experiments which I have performed 
with the secretion of the toad's skin, with a view to test the 
accuracy of the above statements, I will give an account of 
the structure of the follicles by which it is secreted, this 
being the especial object of this communication, as I am not 
aware that these organs have ever been described. These 
bodies (Plate XI., figs. 1 and 2) exist in the form of ^iiscular 
sacks, of various sizes, but largest about the sides of the head 
and back ; they are situated in the very substance of the skin 
of this reptile ; the vessels supplying them are altogether 
distinct from the capillary network on the surface of the skin, 
and have an especial arrangement and form of distribution by 
which their presence can be recognized. These follicles, 
though sufficiently characteristic, are difficult of demonstra- 
tion, in consequence of being seen with perfect distinctness 
only in the skin of the Toad when injected with colouring 
matter and dried, and afterwards rendered transparent by im- 
mersion in turpentine or Canada balsam. This difficulty 
proceeds from the opacity of the portion of skin situated 
behind the follicle, preventing, whilst it is wet, the deep part 
of the follicle from being seen, whilst the cutaneous capillary 
network conceals the part of it nearest the surface. They are 
of a globular form when distended, but somewhat flask-shaped 
when empty (fig. 2). They range from l-50th to l-16th of 
an inch in diameter. About the centre of the cutaneous sur- 
face of each follicle there is an opening by which its cavity 
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communicates with the skin : this opening is small, compared 
with the size of the follicle, in the collapsed state of which it is 
partially closed, in consequence of the approximation of the 
folds of the internal membrane. This membrane, especially 
in the larger follicles, is seen in a horizontal section to be 
folded upon itself in tL direction perpendicular to the surface of 
the skin (figs. 3 and 4), so as to present a number of imperfect 
septa projecting from the circumference of the follicle towards 
the centre, with lateral depressions, or saculi, between them. 
The whole of the internal surface of this membrane is lined 
with epithelium, consisting of delicate, lozenge-shaped, very 
flat cells (fig. 5), connected together by their edges, but pre- 
senting each a very sharp and well-defined margin, and one 
large nucleus. The nudens contains minute granules, which, 
as the cells degenerate into a state of decay, can be seen to in- 
crease in size and distinctness, and ultimately to become broken 
up into the minnte oily-looking granules (fig. 1), of which the 
secretion of the follicles is chiefly made up. The vessels of 
these follicles consist of capillaries of a larger size than those 
forming the plexus on the surface of the skin, and with much 
smaller areolae; they do not follow accurately the folds of 
membrane projecting into the cavity of the follicles, but 
simply pass over, and on the outer side of these folds, so as to 
encircle the entire sack with a single layer of capillaries. The 
afierent and efferent blood-vessels of this plexus are connected 
with its deep surface, which, being generally only two in 
number, an artery and a vein, and give to the follicles, when 
minutely injected, very much the appearance of a Malpighian 
body highly magnified. 

These follicles are entirely surrounded with the white fibrous 
tissue of which the skin is composed, excepting where they 
open on the surface. These fibres are disposed in two 
planes, one parallel with the surface, the other perpendicular 
to it ; the former are by far the most numerous, and constitute 
the chief thickness of the skin ; the latter are comparatively 
few, and only partially distributed, being collected into bands 
placed at nearly equal distances apart, which, extending through 
the entire thickness of the skin, from its deep to its superficial 
surface, draw, as it were, the fibres of the first set in these 
situations more firmly together ; and thus producing a closer 
approximation of the fibres, and a corresp<mding diminution 
in the thickness of the skin at these parts, they cause the 
horizontal cellular fibres to take an undulating course. 

Between the part of the true skin just desmbed, and its 
epidermic surface, and immediately beneath the cutaneo\is 
capillaries, there is a layer of earthy matter, varying in thick- 
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ness in different parts of the animal, but present, I believe, in 
all. This part of the dermis is composed of irregularly- 
shaped masses of a semitransparent and highlj-refractive 
material (fig. 4), looking like broken fragments of ciystal or 
glass, lodged in cellular depressions of the true s.kin. Where 
the secreting follicles are situated, this earthy matter is placed 
superficial to them, so that their openings have to penetrate a 
layer of earthy substance, in order to reach the surface of the 
dermis. This part of the skin, when acted upon by acids, under 
the raicroscope is seen to effervesce briskly, and after all the 
eartliy material is dissolved out, a membranous or animal 
basis is left. Probably this part of the skin in the Toad is 
analogous to the scaly covering of the Chelonian reptiles. 
According to Dr. Davy's analysis of the skin of the toad, it 
contains phosphate and carbonate of lime, and carbonate of 
magnesia. No organs like those which I have described as 
the cutaneous follicles of the Toad, exist in the integument of 
the Frog or Water-newt. In these reptiles the skin is much 
more simple, and all the vessels supplying it go into the com- 
mon superficial plexus of the dermis. I have not examined 
the skins of those lizards whose habits resemble those of the 
toad, for the purpose of determining whether the same kind 
of follicles exist also in them. 

With respect to the chemical and physical properties of the 
secretion of the Toad's skin. Dr. Davy observes, in a paper 
contained in the * Philosophical Transactions,' for 1826, that 
the greater part of it is soluble both in alcohol and in water ; 
that the substance obtained by evaporation, both of the 
aqueous and alcoholic solution, is slightly yellow, and has a 
faint and peculiar smell ; that when heated it readily melts, 
and bums with a bright flame, but without emitting an am- 
moniacal odour ; also that the secretion is slightly bitter, 
and very acrid, acting on the tongue like the extract of 
aconite, and even occasioning a smarting sensation when 
applied to the skin of the hand, which lasted for two or three 
houi^s ; that it does not affect the colour of litmus, or tur- 
meric paper. This secretion, though possessed of these 
decidedly acrid properties, even in a much greater degree than 
the poison of the most venomous snakes, was not found by 
Dr. Davy to produce any injurious effects when applied to a 
wound on a Chicken, made with a lancet dipped in it 4 and 
hence it seems to be endowed merely with irritating qualities, 
and not to possess the venomous properties attributed to it by 
the French investigators. 

The experiments which I have performed upon living ani* 
inals with this secretion, have in no instance agreed in their 
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results with those recorded bj Gratiolet and Cloez. I ap- 
plied some of the fresh secretion to a recent wound on the ear 
of a Kitten, but it produced no sensible effect. I also inocu- 
lated Toads both with their own secretion, and that taken 
from other toads, but it did not affect them. White mice 
were inoculated with it in various ways, but thej sustained no 
apparent injury. In order to secure the perfect contact of the 
secretion with the wounded surface, I immersed a piece of 
thread in the fresh fluid of a follicle, and passed it through 
the skin of a Mouse in the manner of a seton, where it re- 
mained for several days, but without producing any perceptible 
harm to the little animal. It is remarkable that such differ- 
ent results should be obtained from the same description of 
experiments, and it is very difficult to reconcile these dis- 
crepancies. It is true that the single example which Dr. 
Davy has recorded, and those which I have mentioned, are 
on the negative side of the question, and therefore cannot be 
looked upon as so conclusive as those on the positive si<le. 
However, I think these experiments are sufficient to throw 
considerable doubt upon the accuracy of the conclusions of the 
French investigators, and to bring the question into the same 
state of uncertainty that it was before their observations were 
published, where it must remain until these authors shall be 
able so to conduct their experiments, as at all times to pro- 
duce the effects they have described, or, in case of failure, to 
give a satisfactory explanation of its cause. There is one 
consideration which, as mere circumstantial evidence, may be 
mentioned in opposition to the view of the intensely-venomous 
power of the secretion of the Toad's skin, and that is its gene- 
ral diffusion over a large part of the body, whilst in all those 
animals which are decidedly provided with a specific venom, 
and not a mere irritant, the frightful apparatus which produces 
and applies it, is well known to occupy only a very confined 
locality. 

From what has been stated it appears, then, that though the 
specific character of the secretion in question, as a venom, is 
very questionable, yet that it certainly does possess an irri- 
tating quality, as was apparent from its action when applied 
to the skin, and more especially to the tongue ; hence Dr. 
Davy thinks that its principal use is to defend the reptile 
against the attacks of carnivorous animals. The extremely 
dense structure of its dermis, approaching in its composition 
to that of bone, is, I think, somewhat in favour of this opi- 
nion, as affording also, more or less, a means of protection 
and defence. Dr. Davy also considers that, as the secretion 
contains an inflammable substance, it may serve to carry off a 
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portion of carbon from the blood, and thus be anxiliary to the 
function of the lungs. In support of this idea the sanie 
author observes that each of the pulmonary arteries of the 
Toad divides into two brandbes, one^of which goes to the lungs, 
the other to the cntis, ramifying most abundandj where the 
largest follicles are situated, and where there is a large yenoos 
plexnSy seeming to indicate that the subcutaneous distribnticm 
of the second branch of the pulmonary artery may further aid 
the o£Bce of the lungs by bringing the blood to the surface to 
be acted upon by the air. However, it seems to me that if 
these follicles aid at. all the lungs, it can only be by elimi- 
nating carbon set free in other organs of the body, Mid then 
conveyed into the blood, from whence they afterwards ex- 
crete it; as the deep position of their capillaries, and the 
secretion with which they are always more or less thickly 
covered, will make them inaccessible to the atmospheric 
air, and therefore, in this respect, render them altogether 
different from the cutaneous capillaries which are placed su- 
perficial to the earthy layer of the dermis, and in which the 
blood is perhaps acted upon, as above intimated. But I 
cannot help thinking otherwise than that these follicles have 
something to do with the absorption, and more especially 
with the retention, of the fluid which, in this class of reptiles^ 
is taken into the system by the skin. In the Frogs there is a 
superficial plexus of capillaries the same as in the Toads, -by 
which the absorption of the fluid in contact with the surface, 
can take place equally in either case ; but in the former ani- 
mal there are no cutaneous organs which could in any manner 
aid in the retention of that fluid, so that this reptile requires 
more frequently than the toad a fresh application of moisture 
to its surface; and besides, if the Frog be exposed to the 
absorbent power of dry mould, as the Toad frequently is, the 
greater part of the fluid contained in its vessels will imme- 
diately pass off through the skin into the dry earth in conse- 
quence of its greater capillary attraction, and the animal will 
very soon die from a kind of inanition. This fact I have 
verified by placing fine dry sand in contact with the skin of 
Frogs, which so rapidly absorbs their moisture that they die 
in a few minutes. The contents, also, of the follicles of the 
toad, mixing with the dust and other extraneous substances 
constantly in contact with its skin, especially as this secretion 
is of a very glutinous nature, and has a tendency to coagulate 
when wetted, may possibly form a coating on its external sur- 
fiBLce, and thus tend to diminish evaporation ; and in this way 
it may assist in retaining the fluids absorbed into the body, 
and in preventing its desiccation, and thus furnish another 
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means of adapting this animal to the phjgical and physio- 
logical states and conditions under which it is constrained to 
liye, and to perform its part in the accomplishment of that one 
unirersal and wise purpose for which this much-despised rep- 
tile, in conjunction with all other living beings, was designed 
and created. 



On the Reproductive Organs of certain Fimoi. By Frbdb- 

RicK CuRREY, Esq., M.A. 

The existence of sexual organs in the lower orders of plants 
is a question which of late years has attracted much attention 
amongst botanists, and it is one upon which the powers of the 
microscope have been brought to bear with the happiest 
results. 

The investigation has already been carried sufficiently far 
to show that many of the plants hitherto ranked in the Order 
of the Cryptogamia can with difficulty be denied the right of 
being considered phanerogamic ; and there seems good reason 
to hope that before many years have elapsed, the term crypto^ 
gamic will have ceased to be applicable to any portion of the 
vegetable world. 

It is hardly too much to assert that sexuality is already 
established in the Fucace(B and Characece amongst the Thoi^ 
hqensj and in the Liverworts, Scale-mosses, Urn-mosses, 
Club-mosses, Horse-tails, and Ferns amongst the AcrogenSj 
although there are not wanting botanists of eminence who 
either deny the fact, or, at least, admit it only with the doubts 
of an imperfect faith. 

In Lichens, M. Tulasne has demonstrated the existence of 
certain organs to which he has given the name of spermogania. 
These spermogonia are the small black specks seen on the 
shields of Lichens, and are small conceptacles, or cases, con- 
taining a prodigious quantity of minute spore-like processes, 
to which the name of spermatia has been given. The sper- 
matid are very minute linear bodies, sometimes curved and en- 
dowed with molecular movement. They are produced either 
upon the apices of the cellules which form thie walls of the sper- 
mogonium, or sometimes laterally from moniliform filaments 
or other processes which line the cavity of the spermogonium. 

The functions of the spermatia are as yet unascertained, 
although from their universal presence, and the circumstance 
of their appearance prior to the perfect, or the casporous 
fructlfic-ation, it is suspected that they may eventually prove 
to be the male orgsuis of that class of plants. 
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There are many Fungi in which bodies analogous to the 
spermogonia and spermatia of Lichens are found to exist, and 
as far as present observation has extended, these bodies are 
found to precede the formation of the perfect spores* The 
genus jEcidium is very favourable for an examination of these 
organs. The spermogonia occur in spring upon those parts 
of the plants upon which perfect jEcidia are afterwards 
found ; they are in the form of minute punctiform specks, 
covering the pale or red spots upon which the .^Icidia are at 
a later period produced. A microscopical examination of 
these specks shows them to be globular bodies, open at the 
top, having their walls composed of densely-interwoven 
threads originating from the mycelium, and containing in 
their interior other threads converging towards the centre of 
the spermogonium, and bearing spermatia at their apices. 
The spermatia are produced in great abundance, and form a 
granular mass, filling the hollow of the spermogonium. The 
upper threads of the walls (namely, those which are situated 
next to the apicular opening of the spermogonium) are some- 
what more upright than the others, and are directed towards 
the epidermis of the surface of the leaf ; and by the growth 
of these upper threads and the increase of the granular mass 
of spermatia, the spermogonium increases in size, raises, and 
eventually breaks through tlie epidermis, the outermost 
threads forming a small red funnel-shaped tuft, through 
which the spermatia eventually escape, and are dispersed 
around the spermogonium. After the ripening of the sper- 
mogonia, the perithecia of the true jHcidia are formed on tfw 
$ame myeelinm^ and the spermogonia then decay. 

Spermogouia, such as those just described, are not confined 
to the genus jEcidium ; they are common to other genera in 
the tribe of the UredifietHj occmring in Cceomaj RtBstdiay 
Peridermium^ Phragmidium^ Triphroffmium^ and Pucdnia. 
In Cystopus, Melampsora^ Coleosporium^ and Uromyces^ they 
have not as yet been ascertained to exist. Nor are spermo- 
gonia peculiar to the tribe of the UredinetB ; they occur M'ith 
certain, but not essential differences of structure, in many 
other Fungi. It has been shown by the observations of Fries, 
Tulasne, and other mycologists, that several sorts of Fungi, 
long supposed to form distinct genera, are, in fact, only early 
states of other well-known plants : thus the genera Septoria^ 
Cytispora^ Nemasporaj HendersoiiUi^ and others, are now con- 
sidered to be the spermogonia of species of SphoBruB ; MeUu^ 
mia is supposed to be the spermatiferous state of RkytUma ; 
Leptastroma probably of Hysterivm^ Phacidium^ etc. . . . 

In a paper published in the ' Annales des Sciences' for 
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1853, M. Tulasne has given a description of a considerable 
number of Fungfi belonging to the order of the Discomycetes^ 
in which he has observed spermatia ; and he states that he 
has also discovered' them in several of the Pyreiiomycetes. 
The details of his observations on the latter tribe have not, as 
far as I am aware, been jet made public, although referred to 
in a paper in the Idth volume of the 3rd series of the 
' Annales des Sciences.' 

I have already stated that the functions of the spermatia of 
Lichens are not yet ascertained ; and as in the vast family of 
the Fungi there are as yet comparatively few species in 
which these organs have been certainly observed, it is 
obvious that we arc not yet in a position to hazard an 
opinion as to the office which they fulfil in the latter tribe. 
All mycologists will, I am sure, agree with M. Tulasne, who 
has remarked that the present aim of observers should be to 
ascertain whether spermatia exist in a sufficient number of 
species to consider them constant or common to all. The 
subject of their action^ supposing them to be male organs, 
might be afterwards considered. 

Whilst the observer is occupied in investigating the nature 
of the spermatid, he will naturally and necessarily be led into 
an inquiry into the nature of two kinds of reproductive organs 
distinct from the spermatia, and which are called stylospores 
and conidia. 

It has been found that in some ascigerous Fungi, that is. 
Fungi in which the normal fructification consists of spores 
contained in asci or thecse, there are produced other naked 
spores which are borne upon pedicels of greater or less 
length, and it is these naked spores to which the name of 
stylospores has been given. The cellules or pedicels upon 
which the stylospores are borne, are analogous to the basidia 
of the Agaricini ; they are sometimes enclosed in a concep- 
tacle, or case, which is called a Pycnidium, 

Size and complexity of structure generally distinguish the 
stylospores from the spermatia ; but there is no very definite 
line of demarcation, so far as regards structure, between sper- 
matia and small simple stylospores. 

The term conidia was applied by Fries to all reproductive 
bodies not being normal spores. 

Tulasne restricts it to Gemmee prciperly so called, that is to 
say, reproductive cellules growing directly from the my- 
celium. 

I will now proceed to state the result of some obser\'ations 
with which I have lately been occupied, bearing upou the 
matters above alluded to. 
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1. Sphceria herbarum Pert, — ^This very conunoa but beftUr 
tifal Sphcsria is to be found abundantlj in spring in the form 
of small black specks upon the dead stems of herbaceous 

Flants. About the beginning of March in the present year, 
observed that the dead stems of some plants of Senecio 
JacobcBa were covered with a Fungus, the perithecia of which 
formed minute black spots so small as not to be visible with- 
out close inspection. In Plate XII., fig. 1, one of these peri- 
thecia is represented with its mycelium magnified 110 diar- 
meten, and fig. 2 represents a transverse section of a similar 
perithecium, the interior being filled with small spore-like 
bodies proceeding from the somewhat-pointed cells which 
lined the cavity of the perithecium. According to the prin- 
ciples of classification hitherto adopted, the plants would 
have beloi^ed to the genus Sphoercpm ; but being desirous of 
ascertaining whether it might not in fact be only an early 
state of some other Fungus, I placed, some pieces of the dead 
stems upon damp Spha^um moss, and covered them with a 
bell-glass. In about a fortnight I found the under surface of 
the stems (t. 6., that part of them which had lain in contact 
with the damp moss) covered with a crop of small black 
Sphasrics. There was, therefore, some reason for supposing 
that the SpheeropM was only a predecessor of the Sp/uBruB ; 
but as there were three, if not four, different species* of the 
latter, it would have been impossible to determine to which of 
them the SpJueropgU belcmged, had it not been for the form of 
the mycelium. In examining the SphosropMy I had particu- 
larly observed its mycelium, which was unusually laige com- 
pared with the size of the perithecium, and had moreover the 
peculiar knotty appearance shown in figs. 1 and 2. Upon 
comparing this mycelium with that of SpfuBria herbarum^ the 
two appeared identical ; and as the same mycelium was not 
to be seen in connection with the other SphcmcB^ it seems 
fair to conclude that the supposed SpfuBrqpsis was the sper- 
mogonium of l^hcma herbarum. The question then arises 
whether the spermogonium in this case be a distinct organ on 
the same mycelium, or whether the same perithecium pro- 
duces in the first instance the spermatia, and subsequently 
the perfect fructification, that is, asci containing sporidia. In 
the .^Scidia, as we have seen, the spermogonia are quite 

* The species appeared to be the following : — Sphceria cwnaktf capH- 
lata^ herbarum, and compUmcUa, I doubt if we two former are distinct ; 
I found the sporidia precisely alike, and the only difference was in the 
colour of the hairs on the perithecia, which were black, or nearly so, in 
8. comata, and greenish in 8, capiUaia, The difference in the colour of 
the hairs would hardly justify a separation of the species. 
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distinct from the true iEcidineoas perithecia; but there are 
some discomycetons Fungi, for instance, Pexiea benemada^ 
Cenangium FrangulcBj and Dermatea earpineay in which the 
spermatia and the perfect fructification occur in the same 
part of the plant From what will be stated hereafter, with 
regard to Sphesria comphnata^ it would seem that in the latter 
plant the same perithecium produces spermatia and asci suc- 
cessively ; and if it be allowable to assume a law for the genus 
from what occurs in one species, it would follow that the 
spermogonium in Sphceria herbarum is not distinct from the 
true perithecium. 

It will be proper here to mention certain other reproductive 
bodies which 1 have observed in SpfuBria Iierbarum ; they 
are somewhat irregular in colour, shape, and size, and grow 
directly from the mycdium. In colour they differ much 
amongst one another, varying from a dull brown to the bright 
yellow of the normal sporidia. In fig. 3 several of these bodies 
are represented ; some of the larger of them strongly resemble 
the spores of a Stempkylium or Sparidegmium, and others again 
are hardly distinguishable from the regular sporidia of Sp/us^ 
via herbarum. These bodies come under M. Tulasne's defini- 
tion of conidia, being gemmie or buds proceeding directly 
from the mycelium. 

Those represented in fig. 3 occurred in company with full- 
grown, ripe perithecia ; but their growth commences at a very 
early period, and contemporaneously, or nearly so, with the 
appearance of certain other bodies, which may also, perhaps, 
have to be ranked amongst the varieties of fruit of Spharia 
herbarum; these last-mentioned bodies are globular vesicles, 
which proceed from the end of short branches of the myce- 
lium in its earliest stage. 

The sporidia of Sphceria herbarum appear to have a great 
facility of germination, throwing out filaments from several 
different partitions of the sporidia. On the 2nd of May in the 
present year, I had placed a section of a perithecium upon a 
slide under a piece of thin glass, for examination in the usual 
way, and the fruit being particularly fine, I put the slide upon 
damp moss under a bell-glass, with the view of keeping the 
object moist until a drawing could be made. The weather 
was very unfavourable for germination, for the long-prevalent 
east wind was on that day more than ordinarily harsh and 
cutting, and Fahrenheit's thermometer fell at night to 26° ; 
moreover the room in which the slide was kept had a northern 
aspect, no fire, and the character of being at all times cold. 
Notwithstanding these circumstances I found, upon exatuinin<v 
the slide the next morning (May 3), that the sporidia had ger- 
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minated in the greatest abundance ; and not only had the free 
sporidia — those which had escaped from their asci — thus 
sprouted, but those which were still enclosed had also sent 
forth their germ-filaments, which had penetrated the mem- 
brane of the asci in all directions. 

In fig. 4, I have represented one of the asci in which nearly 
all the sporidia have begun to grow, and other asci in the 
neighbourhood were even more densely covered with filaments 
than the one shown in fig. 4. On the following morning 
(May 4) the germ-filaments had reached a considerable length, 
and had become branched and indistinctly septate in several 
places (see figs. 5 and 6), as indeed was the case on the pre- 
vious day with some of the more advanced shoots. At one 
point the germ-filament had protruded short branches at right 
angles to the main filament on either side (see fig. 5), and at 
the end of each of these short branches was seated one of the 
globular vesicles above mentioned. The nature of these 
vesicles is uncertain ; but it is not improbable they may be 
homologous to what have hitherto been called the spores of 
Tubercularia vulgaris^ this latter plant being now considered 
to be nothing more than the mycelium of a SphcBria {S. cirma-- 
barina\ and the so-called spores to be, in fact, only conidia 
of that Sphcsria. I have as yet only seen these globular vesicles 
in the two instances shown in fig. 5, but I have observed other 
branches of the mycelium which became rounded at the apex, 
and in which a nucleus was formed. After the formation of 
the nucleus a fresh germ was thrown out (see fig. 7). Some- 
thing similar to this has been observed by M. Tulasne in the 
UredinecBf in which the germ-filament has become inflated, 
and then thrown out a fresh shoot.* 

In fig. 8 is represented a cellular body, which was attached 
to the mycelium by a delicate stalk, the stalk itself being 
attached to the side of the body. Tliere seems no reason to 
doubt that this body, difiering as it does from some of those 
shown in fig. 3, only in being of a much paler colour, repre- 
sents a young state of one of those organisms. I first observed 
it about nine days after the commencement of germination, at 
which time also the germ-filaments had in places begun, to 
form a network by a kind of conjugation, which had taken 
place between the germ-filaments proceeding from difierent 
sporidia. 

It follows from what has been said, that if we consider the 

spermatia as reproductive bodies, in the proper sense of the 

word, as it is applied to seeds or spores, t. ^., as fruity then 

Sph(Bria herbarum has four distinct sets of reproductive organs. 

* See vol. ii. of the * Annales des Sciences' for 1854. 
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If, cm the other hand, the fanction of the spermatia is not re~ 
productive but sexual^ or impreffnaiive^ we still have three dis- 
tinct forms of frait, viz., the sporidia contained in the asci 
(see fig. 9),* and the two forms of conidia (figs. 3 and 5\ 
which grow directly from the mycelium. - 

2. SphcBria ? ccmplanata^ Tode.^ This Sphceria is as com'> 
mon as the preceding one, growing abundantly in spring upon 
the dead stems of umbelliferous plants. The spermogonia, or 
rather spermatiferoas perithecia, are shaped like a dome, with 
a pointed conical ostiolum. Tbey are distinguishable from 
the ascigerous perithecia by their full, rounded appearance^ 
the latter being depressed or collapsed, affdistdy as the French 
say. 

It would hardly be possible in this case to prove directly 
that the spermogonia and perithecia proceed from the same 
mycelium. In the jfEcidta^ which grow upon the soft parts 
of plants, it is possible by maceration and careful dissection 
to obtain ocular demonstration of the occurrence of the sper- 
mogonia and perithecia upon the same mycelium ; but this 
cannot be effected with the hard, dead stems of Umbellifers, 
and the proof of the connexion between the spermogonia and 
perithecia must therefore be sought for in other evidence. 

Now I found both in the spermatiferous and ascigerous 
perithecia some peculiar-shaped organisms, the nature of 
which I am at a loss to conjecture. These bodies consist of a 
stem, crowned by three cellular, sometimes septate, prolonga- 
tions, with a seta on either side. One of them is represented 
at fig. 11, which will give a better idea of them than any 
written description. But irrespective of these curious pro- 
cesses which, occurring as they do in both the spermatiferous 
and ascigerous perithecia, seem to point to a connexion 
between the latter, I found in one instance the spermatia 
and asci, contained in the same peritheeium^ a direct proof that 

* The asci and sporidia of Sphasria herharum vary much in size. In 
fig. 9 are represented two extremes. In the one the ascus is short and 
broad, and the sporidia fill the whole of it. In the other the ascus is 
much elongated, and the sporidia, which are smaller, are collected at the 
upper end of the ascus. I find the latter fonn the most frequent. 

t I am doubtful whether I have named this Sphceria rightly. I find 
two plants, in which the perithecia are precisely alike, both answering the 
description of Sphoeria comjiUmaia^ hut the sporidia are widely different. 
In fig. 10 I have represented an ascus, with sporidia, of the plant to which 
the above observations relate. The asci of the other Sphceria are narrower, 
and the sporidia are curved, acuminate at each end, triseptate, with a 
swelling at the second joint. The description of the sporidia of S. compla" 
naicky given in the Annals of Natural History under S, modeRtOy does not 
accord with that in the English Flora, where the sporidia are said to be 
obiUmg-^Uiptic, 
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both of these latter bodies are the produce of the same con- 
oeptauele or case. Can it be that the cell alar processes above 
mentioned (such of them at least as are not septate) are young 
asci, to be fertilised by the action of the spermatia ? This 
is a mere speculation, hot it is not an impossibility. 

Thespermatia of jSL complanata are elliptical, about l-4300th 
of an inch long, with an indistinct sporidiolom at each end. 

di SphoBria tinopica; Fries^ Elenchus Fungorum, vol. ii., 
p. 81. This Sphmria, one of the Cmspitosce^ gtx)ws in tufts 
upon a stroma which is not always perceptible, and which 
Fries considers to be identical with Tabercularia sarmentorum. 
If this be so, the spores of this latter fungus must be looked 
upon as the conidia of the SphcBria^ in the same manner as 
the spores of Ttibercuhzria vulgaru are considered to be the 
conidia of Sphmria cinnabarina. The sporidia of Sphcma 
nnopiea are elliptical, uniseptate, and slightly constricted at 
the septum. They frequently have a sporidiolum in each 
partition. Besides these normal sporidia, I have found in 
many plants of S. sifwptoa an immense mass of minute 
bodies, which I do not hesitate to consider as spermatia. 
These bodies are excessively minute, elliptical or sub-cylin- 
drical, many of them not exceeding l-6500th of an inch in 
length, and endowed with molecular motioa In most of the 
plants which I examined, these spermatia occurred in conjunc- 
tion with the regular sporidia, but some specimens contained 
spormatia alona In these latter specimens the perithecia were 
rather of a pyriform shape, not depressed as is the case with 
the perfect perithecia of S. strwpica. This fact is precisely 
fuialogoiis to what occurs in S. complanata, where the per- 
fect perithecia are, as we have seen, flattened or collapsed, 
whilst the spennogonia are swollen and shaped like a dome. 
The 4iqpeiinaitia of S. sin&piea appear to be bom upon fine, 
sirojde, ^nsely-crowded filaments, which line the cavity of 
the spermatiferous perithecia. This Sphtsria, it will be seen, 
afibrds another instance, in which it is clear that what might 
be called the spermogonium is, in fact, the true thecasporous 
perithecium of which the spermatia are the primary pxoduce, 
and the asci and sporidia a subsequent fructificatipn, whether 
produced or not by the fertilizing influence of the spermatia 
time will probably show.* 

* In the ' Annals of Katuial History' for June, 1854, Messrs. Berkeley 
and Broome have deseribed, as a new species, a Sphaeria to which they 
have given the name of Spharia {Nedria) inaurata. It is stated to have 
been found near Bath by Mr. Broome, and at Shooter's Hill by myself ; 
bat there has been some mistake. The jSpAo^rta on holly which 1 fonnd 
at Shooter's Hill, and of which I sent specimens to Mr. Berkeley, ia 
certainly Sphtrrta sinopica ; at least the plants which I retained have not 
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4. Sphmria Cryptatparii, a. s. — This species has not, as far 
as I am aware, been hitherto described, and may be thus 
characterized. 

Obtectae; Peritheciis sparsis vel aggregatis globosis aut 
snb-globosis, coUo elongato corticem perforantibns ; nucleo 
albido; ascis late obovatis, sporidib simplicibns linearibus, 
ntriusque obtusis plus minus arcuatis circiter '00086 unciae 
longis. 

I believe this SpfuBria to be the perfect state of Crw^ 
t&tparium vulffare^ on the evidence of the following facts. In 
April of this year I placed in damp moss some twigs of alder 
upon which Gyptospariufn- vulgari was growing ; in about a 
month afterwards the long black ostiola of the above Sphcsria 
had protruded themselves through the bark« Upon examining 
the fructification under the microscope, the resemblance of 
the sporidia of the Sphoeria to some of the naked spores of 
Cryptosparium vulgare (viz. those which were least strongly 
curved) was so striking that a possible connexion betwem the 
Spheeria and the Cryvtotporium naturally suggested itself. 
Some of the perithecia, which were in a young state, con- 
tained an immense quantity of oily matter, and small granules 
in a state of active motion, some densely interwoven threads 
attached to the walls, and a very few sporidia resembling those 
of Cryptotporium vulgare^ and which had probably formed the 
terminal joints of the thr«ids just mentioned. 

In another of these young perithecia I observed the terminal 
joint of two of the threads, which had assumed the shape 
shown in fig. 12 (ft, c). One of them contained a m<miliform 
row of oil globules, and was evidently the earliest state of 
other young asci, fig. 12 (a), which occurred in the same 
jperithecium. In the more advanced plants the perithecia con- 
tained perfect asci, which, with one of the escaped sporidia, 
are shown at fig. 18 (a^ b). Even wheci the asci within the 
perithecia were still young, or at least not fully ripe, the 
ostiola were surrounded with a milky substance ejected from 
the perithecia, which consisted principally of free sporidia, 

the dimorphous nscigeroos fructification, tSiey have no taiU to tihe sporidia, 
and differ in no respect from Spharia nnopioa. From the description <^ 
Bphaeria inaurata it seems to be identical in its external cbaracterifltics 
with Sfhtoeria naopica, bnt the fructification of the former is very peculiar. 
It consists of two sets of asci differing in form, and containing different 
sporidia ; the larger asci are clavate, and contain small cotved sporidia 
not exceeding '0(X)15th of an inch ; the smaller, cylindrical asci, contain 
eight elliptic uniseptate sporidia '0005 — *0006th of an inch long, fdr^ 
nished with a tail at either end in the form of a delicate hyaline appendage. 
The two sorts of asci are figured in the ' Gardeners* Chronicle* of we 22nd 
July, 1854, where a full description of the plant will he found. 
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with an occasional ascus intermixed. Again, upon taking a 
section of one of the plants of Ctyptosparium vulgare which 
occurred upon the same tyr^gy I found a very few asci, iden- 
tical with those of the Spkosria^ intermixed with the naked 
spores of the Cryptasparium, 

One of these asci, which is in a very early stage, is shown, 
fig. 13 (c). The membrane was of extreme tenuity, and in 
the middle was a linear mass of granular protoplasm, partly 
divided in a longitudinal direction by a dark line, which, 
however, did not traverse the whole length of the granular 
matter. Another of the asci, fig. ] 3 {d\ contained a much 
larger quantity of granular matter, still apparently in one 
mass, but deeply marked and furrowed. There can be no 
doubt that in the two asci just mentioned the sporidia were in 
process of formation, and that the lines and furrows pointed 
to the directions in which the granular mass was eventually to 
become separated, so as to form the eight perfect sporidia. 

The above observations would be conclusive as to the iden- 
tity of the Sp/usria and the Crytosporium^ were it not for the 
possibility that the sporidia, forming the milky mass around 
the ostiola, might have been contained in asci which had been 
dissolved within the perithecium, although from the young 
state of the included asci this is not probable ; and in the case 
of the section of the Crt/ptasporiumy inasmuch as I did not 
see the asci in situ^ it is possible that the few which occurred 
might have been adhering to the scalpel or brush used in a 
•previous examination, although I have no reason for supposing 
that such was the case. 

I think it will be admitted that the above facts afibrd strong 
evidence to show that Cryptosporium vulgare and SphoBiia 
Cryptosporti are states of one and the same plant. It is difficult 
to suppose that the former is the young state of the latter ; it 
would rather seem that the same conceptacle has the faculty 
of producing both naked spores and asci, and that it depends 
upon circumstances, possibly atmospheric, whether the one or 
the other be produced. It seems to me not improbable that 
the spores of the Cryptosporium may in some instances be 
converted into the asci of the SphcBria, I have seen what 
seemed to be a common spore of the Cryptosporium^ but which 
had a very delicate hyaline investment, and the bodies shown 
in fig. 13 (c) and (cf) may be only more advanced steps in the 
process of conversion. Some objection might be raised to this 
view on account of the shape of the Cryptosporium spores, most 
of which are strongly curved and acuminate at either end, but 
on the other hand the spores vary greatly in size and shape, 
and some occur plentifully, which are quite undistinguishable 
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from the sporidia of the Sphcaiay see fig. 13 (ft, f) ; the 
former of which represents a sporidium of the Spfuertaj the 
latter a spore of the Cri/jJtogparium.* 

Cryptasparium vulgare is a plant not unfrequentlj found 
upon beech and alder twigs, and I much hope that some 
reader of this paper will repeat the above observations, which 
may be done without difficulty or trouble. The simplest plan 
for keeping the bed of moss in a proper state is to fill a com- 
mon flowerpot about one-third full of crocks for drainage, 
and to fill the rest of the pot with damp (not wet) sphagnum 
moss ; the moss should be kept damp by occasionally putting 
water into the pan in which the pot stands, and not by pouring 
it over the top of the moss ; the pot should be kept covered 
with a bell-glass. Many a fungus may be grown in this 
manner which would not have a chance of coming to maturity 
in such cold dry weather as we have had this spring. By a 
similar process I ripened two large plants of Reticularia 
maxima, which were brought to me in the early stage, of a 
cream-coloured mucilage.f 

I think it worth while to mention as a somewhat singular 
circumstance, that on the same alder twigs upon which S. 
Cryptosporii was produced, there occurred another Spkoeria^ 
the penthecium of which was so amalgamated as it were with 
the perithecium, or stratum proliferum, of the Cryptosporium^ 
as to be hardly, if at all, distinguishable from it. The spo- 
ridia of this latter Sphceria were quite different from those 
of S. Cryptospariij being broadly elliptic and indistinctly 
triseptate, I think occasionally quadri-septate. One of the 
asci of this Sphceria is represented at fig. 14. 

There are several other fungi which have afibrded me 
materials for interesting observations, bearing upon the ques- 
tions to which this paper relates. It would, however, take too 
much time and space to discuss them now, but they may I 
hope form the subject of a future communication. 

* I bad foand Sphceria Cryptosporii on one previous occasion in the 
course of last autumn. It was then unaccompanied by tbe Cryptosporium, 
I am unable to determine tbe wood upon which it occurred, having only 
one small fragment. 

t These plants of Reticularia inaoGima took nearly three days to come 
to perfection. Tbe length of time was probably much greater than it 
would have been in their natural state. lieticularia atra passes through 
all its phases in about eight or ten hours. 
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On Ciliary Action as the causie of the Circulation in the 
Cells of Plants. By Ferguson Branson, M.D., Sheffield. 

The cause of the circulation of the granules of chlorophyll 
in the cells of certain plants has hitherto been involved in 
mystery. I have spent many hours in examining the circula- 
tion in the cells of the Anacharis alsinagttwn, the new water- 
weed ; and in October, 1854, I first observed a distinct ciliary 
wave at the edge of the outermost cells. Repeated examina^ 
tions have satisfied me that the rotatory movements depend 
upon cilia attached to the inner surface of the cell-wall. The 
cilia are extremely minute, and require the highest powers of 
the microscope, combined with very ^' happy " illumination, 
to display their waving motion. The ciliary wave can only 
be seen under very good daylight, or by means of the best 
artificial illumination. In the AnacJtaris the cells best cal- 
culated to display the ciliary wave are those at the edge of 
the leaflet ; for here a single layer of cells exists, and no 
deception can occur from the movements in the cells beneath. 
A leaflet should be selected in which the granules are just 
beginning to move, or rather have not got into rapid motion ; 
the ciliary movement is then less active, and, consequently, 
can be more readily seen. The microscope must be very 
accurately adjusted in order to define the wave, and even 
then the observer's patience may be severely tried before he 
is rewarded with a sight so interesting and remarkable. A 
cell in which a large number of granules are circulating 
should not be selected for observation; the greater the number 
of granules the more will the view be obstructed and confused. 
I have used an eighth of an inch object-glass, by Powell and 
LfCaland, aided by their improved achromatic condenser, and 
a No. 2 eye-piece. A power less than this will not define 
the ciliary wave. The diaphragms used are numbered 4 and 
5 on the condenser. A diaphragm with a central stop — ab- 
solutely necessary for resolving the more difficult Naviculae — 
will not display the cilia. I am the more minute on this 
point, for without great attention to the manipulation the 
wave will not be seen. The cilia are extremely minute, pro- 
bably not much larger than the dots on some of the Navicular, 
and much more difficult to illuminate satisfactorily. It may 
be said that cilia so minute could not draw to the side of the 
cell, and then impel around it the large granules of chloro- 
phyll which float within it Let any one place a small 
portion of cork or paper in the centre of a large basin of 
water, and when the water is perfectly at rest gently agitate 
it in one direction at the side, of the basin, and the cork 
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or paper will very toon be drawn to the edge. Now the 
cork in this case bears about the same proportion to the basin 
of water which the granule of chlorophjll does to the cell in 
which it floats. In the latter case, however^ instead of 9 
single gentle wave at one point of the edge of the basin, we 
have a wave sfirrounding the whole cell, formed by innu- 
merable very minute cilia ; and this multiplication of minute 
forces produces a current of considerable velocity. Of course 
the current once established becomes quicker and quicker, 
and is helped onward by its own impetus. This exactly 
explains the appearance presented on the first starting — so to 
speak — of the circulation in a cell : a granule of chlorophyll 
is slowly drawn to the edge of the cell, and then slowly moves 
round it ; another granule follows, until all are at length 
drawn to the edge, and pass round ; the motion then becomes 
quicker and quicker, until it reaches the limit of its speed. 
But the ciliary motion is occasionally irregular — slower in 
some parts oi the line, or perhaps interrupted altogether ; 
and the consequence is, that the granules accumulate at the 
weak, or interrupted point, until the re-established ciliary 
wave again urges them forward. Any one accustomed to 
watch the circulation in plants must have frequently observed 
that the granules of chlorophyll become crowded together, and 
then slowly and singly again move onward. Ciliary action 
satisfactorily explains this movement In the cells of the 
Anacharis the ^ia are arranged in lines around the cell ; 
occasionally, however, the granules of chlorophyll, instead 
of passing round the cell, turn off at an abrupt angle, and 
cross it ; when this is the case a bright line may be observed 
on the cell wall, and along this bright line the granules pass. 
This line may be distinctly seen on the cell-wall before the 
granules are in motion, and, if accurately examined, will even 
then give an indication of a minute current passing along its 
course. This bright line is doubtless the 'base of a line of 
cilia, but the ciliary wave cannot, under these circumstances, 
be seen, for the cilia are not in profile. The Anacharis is 
better adapted to display the ciliary wave than the ValUneria. 
In the latter it is difficult to slice off a single layer of cells, 
whilst in the former Nature has prepared a single layer most 
suitably arranged for observation. The currents seen in the 
hairs of certain plants differ somewhat from those in which 
the granules of chlorophyll circulate ; they are more minute, 
irregular, and weaker. Even whilst observing a hair of the 
Groundsel currents start into view, which a moment before 
were not in existence, and as rapidly pass away — others follow 
a more definite course, and sometimes the whole hair appears 
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covered with a complete network of currents. I have ex- 
amined many varieties of the hairs of plants, and few have 
been the specimens in which — in some of the hairs at least — 
indications of cun'ents could not be detected ; so frequently, 
indeed, have I found these currents, as to lead to the inference 
that all the hairs of plants are furnished with an apparatus 
adapted to the production of currents. Now this apparatus 
is most probably identical with that which gives rise to the 
circulation in the Anacharis^ viz., minute cilia. I say most 
probably, for the extreme minuteness of the currents render 
the demonstration of cilia ih many cases very difficult. In 
one of the hairs from the leaf of a scarlet Pelargonium a 
waving current was very evident. In the hairs of the common 
Primrose a ciliary wave was detected at the edge of the cells ; 
the waving current was particularly well ?»een in this instance, 
■as no granules were floating in the cell, which, when carried 
along in the current, interfere much with the view of ciliary 
action. The whole internal surface of the cells of some hairs 
is probably lined with a minute waving pile. At least this 
will account for the varied and irregular direction of the 
currents. In one cell, in the hair of a Polyanthus, I watched 
a flocculent line, or wave, passing diagonally along the whole 
of the cell ; the current at the same time setting in the direc* 
tion of the length of the wave. This is difficult to explain 
without a diagram. 




A, arrow indicating the course of the wave across the cell. B, arrow 
indicating the direction of the current along which floating granules 
were carried. 

Currents are well seen, not only in the hairs, but also in 
the cuticle of the leaf of the London Pride ; although the 
ciliary wave is not well seen in this plant, in consequence of 
the great number of minute granules which float in the cells. 
The currents seen in the leaf-cells of the London Pride, and 
also in the leaf-cells of the Primrose, are precisely similar to 
those seen in their respective hairs ; they are equally minute, 
irregular, and weak. Although the current is very distinctly 
seen, the motive force is not sufficiently powerful to move 
any granules of chlorophyll which may happen to be in the 
cell ; occasionally, however, a granule of chlorophyll may be 
seen slowly moved by the current, just as the granules are 
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moved in the Anacharisy showing that the force is the same 
in both cases. . In a hair of the Primrose I watched an sOcto* 
hedral crystal of oxalate of lime carried bj the current several 
times from end to end of the cell. By the term ciliary wave 
it is not intended to imply that individual cilia can be seen. 
All that can be shown is a waving motion, such as would 
undoubtedly be attributed to ciliary action if seen in an 
animal structure. I will not at present attempt to offer any 
suggestion as to the use of these currents, though they must 
play an important part in the vegetable cell. Observations 
made with microscopes of high» power and of recent construc- 
tion are as yet too limited. Other observers will doubtless 
be led to investigate the subject, and the accumulation of 
additional facts may lead to a solution of this difficult pro- 
blem. 



Observations on the Circulation of the Sap in the Leaf 
Cells of Axacharis Alsinastrum. By F. H. Wenham. 

There is no known plant in which the sap-rotation has been 
discovered that displays the phenomena of the circulation 
more distinctly, or in such variety of detail, as the newly 
imported water-weed, Anacharis Alsinastrum, Having ob- 
served some peculiar features in this, which I have not dis- 
covered in the circulating sap of any other plant, I venture to 
announce them. I must, however, pjremise that I have not 
made a special study of this department of vegetable physio- 
logy, and may therefore be excused from drawing any con- 
clusions, or for showing a defective acquaintance with techni- 
calities ; — I have simply to relate what I have seen. 

Those who are not already familiar with the plant may 
readily recognise it by its peculiar characteristics : — Its form 
of growth is in long slender stems, which bear a series of 
three narrow leaves, of a pale-green colour, at intervals of 

Fig. I. 




about a quarter of an inch asunder ; these, when full grown, 
seldom exceed a length of three-eighths of an inch (see %. 1). 
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The thickncm of the leaf U ctHnpcned uf two layera of cellt, 
irregular both in form and position, as shown io 6g. 3. The 



mai^in of the leaf consists of a single layer of cells of great 
transparency ; it is in these that the remarkable phenomena 
accompanying the circulatory movement are best seen. To 
observe this satisfactorily a good eighth is necessary, having 
on aperture of from 120° to 130°; if it extend beyond this 
the object will be less perfectly shown, on account of the 
close approximation of the front lens, and the difhcnlty of 
adjusting for thickness of cover. For illuminatiou I prefer 
the achromatic condenser with a aeries of stops, and for con- 
taining the object, a compressor having thin glass both over 
and under the object. The best leaves for examination are 
those which have slightly changed colour from age; the 
young and vigorous specimens oftentimes displaying the cir- 
oulation but very feemy. 

Upon first seeing the object under these conditions, it 
appeared to me that there was something very remarkable in 
the structure of the immediate surface of the walls of those 
cells in which rotation could be seen : I immediately removed 
the microscope into direct sunlight. As thus illuminated the 
whole interior of the cell appeared to be lined with cilia, each 
developed in a most distinct manner, and altogether exhibiting 
the wavy undulating appearance nsaally caused by ciliary 
motion. The movement of the green chlorophyll granules 
also tended to favour this deception ; for by the action of the 
supposed cilia they were occasionally collected together in a 
mass at one end of the cell, and the particular manner in which 
the preceding ones were again disentangled, one by one, at 
the point of least resistance, seemed to be due to the mecha- 
nical or sweeping power of the cilia. 

If the existence of cilia in plants of this description could 
he established, it would no doubt serve to explain many 
obscure points in vegetable physiology ; but sulMcquent ob- 
servation has shown me that the appearance of these in the 
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Anacharis was a deception, caused bj oblique sunlight, which 
though favourable for discovering the existence of minute 
markings is entirely unsuited for the purposes of truthful 
investigation. The mobile investment round the margin of 
the cells has a well-defined boundary : in an instance where 
the progressive circulation was very rapid I measured the 
thickness of the layer, and found it not more than l-25,000tfa 
of an inch (in general it is rather more than this, or about 
l-20,000th). Now if this should represent the extreme length 
of each ciliary filament, in order to possess the requisite 
elasticity and tenuity, the proportion of length to diameter 
should be at least ten to one ; this would at once place the 
thickness of the filament beyond the limits of microscopic 
vision, and clearly proves that if a series of cilia really existed 
of these dimensions it would be impossible to see them. By 
examining detached portions of the ceU*walls with the largest 
apertures and most careful illumination, I cannot discover any 
rugose indications in its apparently uniform outline. 

I have made numerous examinations of this marvellous and 
beautiful object, under different circumstances and conditions, 
and will now describe the facts I have observed relating to 
its structure and vital functions. The thickness of the di- 
vision between the cells is about l-14,000th of an inch. In 
certain stages of disease, or decay, this sometimes becomes 
equally divided, showing that each cell has its own inde* 
pendent membrane. No particular structure can be dis- 
covered in the cell-wall : all the cells are filled with a thin 
fluid, and contain a number of chlorophyll granules, varying 
from three or four to upwards of fifty. The granules very 
much resemble those of the Valuneriay but are rather larger. 
Their dimensions are from l-3000th to l-5000th of an inch. 
They are somewhat irregular in shape, some being of an oval 
form, and others a nearly circular, flattened disc. Each 
spherule has a granulated appearance, arising from six or 
eight separate nuclei; they are rendered more apparent by 
a solution of ammonia, which also changes the green colour of 
the granule to a yellowish tinge. 

The chlorophyll granules are entirely dissolved by dilute 
sulphuric acid. Treated with tincture of iodine they are 
changed to a brown colour, with a nucleus of a darker shade, 
and the apparent development of an external membranous 
envelope. 

When the rotation is active the greater number of the gra- 
nules travel round the margin of the cells. A few remain 
fixed in the centre, chiefly consisting of those whose form 
approaches to that of a roiuid flattened disc. 
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The deportment of the granules during their passage has 
already been described in the Microscopical Journal for Oct. 
1853, page 54, bj Mr. Lawson, to whom we are indebted for 
the discovery of the sap-rotation in this interesting object. 
When the rotation is moderately active, the speed of the 
granules is about l-40th of an inch per minute; a motion 
apparently small until magnified to 800 linear, when each 
granale is seen to travel round its containing cell, with suf- 
ficient rapidity, several times during one minute. 

The rotation in one cell does not exert any influence upon 
the direction of the granules travelling in the immediately 
adjoining one. The motion is sometimes the same way, but 
quite as often in the contrary direction. 

The question now is, what is the agent that gives motion 
to these otherwise inactive granules ? I have before remarked 
that the whole interior of each cell is lined with an investing 
layer in rapid motion, of a thickness varying from l-20,000th 
to l-25,00Pth of an inch. This stratum I have ascertained to 
be entirely composed of a multitude of active corpuscules, 
differing in size from l-60,000th to 1.90,000th of an inch. 
I am not quite positive about their exact dimensions, for, on 
account of their gelatinous nature, they do not possess a very 
definite outline, and are, in consequence, somewhat difficult 
of measurement They are not, however, in general, much 
larger than I have stated. 

If one of the leaves of the Anacharis be placed on a piece 
of thin glass, with a very small quantity of water,, and then 
torn into minute fragments with two needle-points, and 
finally covered with another piece of thin glass, on viewing the 
fluid with an eighth object-glass, it will be seen that it is 
entirely filled with these active corpuscules, exhibiting that 
vigorous isochronal motion characteristic of molecular ac- 
tion. 

A weak solution of ammonia rather increases the activity 
of these bodies, but dilute alcohol and acids immediately 
destroy the movement. 

These combined corpuscules are essentially the principle 
of the vital movement in the plant, and also the vehicle that 
causes the rotation of the chlorophyll granules, which are of 
themselves perfectly passive, and move only in obedience to 
the direction and control of the corpuscular current ; neither 
is the presence of the granules at all necessary for the excita- 
tion of the active principle of circulation, for I have repeatedly 
seen cells containing not a single granule, in which the circu- 
lating layer was in a rapid state of progpressive motion — in 
fact, the presence of numerous granules rather tends to retard 
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the cell current than otherwise. When b stoppage occurs, 
the corpuscules of the circulating layer become piled against 
the back of the last granule ; in some instances almost to 
overflowing ; but the disentanglement is generally effected hy 
the tractive influence of the moving investment releasing the 
preceding grannies in succession. 

The chlorophyll granules do not appear to possess any 
affinity for the active investment ; they seem to be attached to 
it only by simple adhesion. When a granule has been 
impelled against an obstacle, it is sometimes thrown out irom 
the cell'Wall, and, during the first instant of its rise, I have 
seen it draw up a column, or thread, of the glutinous corpus- 
cules. If the granule becomes quite detached, it will remain 
stationary in its position, close to the investment, till it is 
forced again into the line of march by the contact or motion 
of succeeding ones. 

The investment of active corpuscules is strongly attracted 
by the cell-wall, and the ptogretHve activity of the one 
appears to be dependent upon the vital condition of the other. 
If the continuity of a portion of the surface of the cell-wall is 
impaired, the active layer will not travel over the part thus 
difiering in substance. Fig. 3 represents one of the hollow 
spines, or hairs, at the margin p,. ^ 

of the leaf; in these the granules 
are sometimes seen in active mo- 
tion. When they arrive near the 
apex, where the cell-wall is in- 
durated, shown by a brown dis- 
coloration, indicating a loss of 
vitality, they are invariably car- 
ried across the circulating layer, 
taking a short cut over, as at d 
in the figure. A few stray gra- 
nules are sometimes thrown into j 
the dark-coloured hollow end of 
the hair, but these are motionless. 

Although there is undoubtedly 
a principle of attraction existing 
between the active investment 
and the cell-wall, yet I am led 
to conclude that there is nothing 
peculiar in the structure of the 
surface of the latter to determine 
the direction of rotation of the 

travelling current When a plant of the Anac/taria has 
been kept in a cold, dark place for one or two days, usually 



282 WENHAM, ON THE CIRCULATION OP THE SAP 

not a symptom af circulation can be discovered : if a leaf 
suitable for examination be now viewed under an eighth, 
selecting the more transparent single thickness of cells at 
the margin of the leaf, it will sometimes be found that the 
layer of active corpuscules has collected, or run tc^ther, 
on the cell- wall into one, or sometimes two heaps or mouiids, 
being in a torpid and quiescent state. After having care- 
fully adjusted the object-glass, if the achromatic condenser be 
focussed on one of these heaps, a bright sky being used for 
the source of illumination, the slight degree of heat thus ob- 
tained is sufficient to call into existence the dormant vitality 
of the active corpuscules. At first, a few atoms on the 
summit of the mound appear to be loosened, exhibitkig their 
peculiar tremulous motion ; next, a few will start off and take 
the lead, generally across the cell, the movement of vibration 
being apparently converted into one of direct progression ; 
immediately, a single file of particles will follow in rapid 
succession, in a wavering direction from side to side, much 
resembling a torrent of bubbles arising from a spherule, or 
small shot, at the bottom of a glass vessel of water, at the 
commencement of ebullition. Sometimes another line of 
particles will start off in a different quarter, and, as the heap 
of corpuscules becomes more fluid and melts down, a very 
singular commotion takes place ; currents are seen traversing 
the cell all ways, without apparent rule or order, and two are 
sometimes seen travelling on the same side of the cell-wall in 
apposite directions : at last, the united numbers and strength of 
one current will gain the mastery, and determine the ultimate 
direction of rotation, which will then go on steadily for hours, 
the chlorophyll granules being duly arranged, and performing 
their traverse in proper form. 

So far as I have ascertained, heat seems to be the best 
excitant of the circulatory movement. It is slightly accelerated 
by the transmission of an electric current ; but this effedt may 
also be due to the creation of a rise of temperature. The leaf 
of the AnacJuzris is very sensitive to the application of 
external reagents ; weak alcohol, ammonia, or acids, instantly 
destroy the motion of the sap-current. 

There is yet another collection of bodies found in all the 
various forms of cell composing the leaf of the Anacharis ;* 
they are oblong spicular-looking particles, of a light-brown 
colour, having an average length of 1-1 1,000th of an inch ; 
they mostly cong^gate together in the most vacant part of 
the cell, either at the centre or one end, and exhibit that brisk 
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vibratory motion peculiar to molecular action. This also 
occurs when there is no symptom of rotation in the cells which 
they occupy, and in instances where the rest of the cell con- 
tents appears to be dead. They are quite independent of the 
active investment, and are oftentimes so numerous as to be 
tangled together in a mass, forming a kind of nucleus, which 
is occasionally kept in rotation by the movement of the 
chorophyll granules. Some cells are free from them, but 
frequently it is difficult to find one in which they do not exist ; 
they are not '^ parasitic," but form one of the constituents of 
the growth of the plant 

I have now recorded my observations on this remarkable 
plant ; though I am still of opinion, from the variety of the 
phenomena displayed, that a careful series of examinations 
will bring fresh facts to light, and that the Anacharis 
(although denounced as a ^' pest") may possibly prove to be 
one of the keys for unravelling some of the mysteries of 
primary vegetable organization. I have entered upon the 
inquiry without learning what has been done by others in 
this department of microscopical investigation, and therefore 
refrain from expressing opinions or from drawing any con- 
clusions from the result I only offer it as a query, with 
respect to the elementary principle of the circulation of the 
sap in plants. May not their growth and vitality depend 
upon what is known as ^'molecular action?" I make the 
remark, because I have observed that the sap of many dif- 
ferent vegetable species exhibits this peculiar motion ; and I 
would further inquire, whether the ciliary movement dis- 
covered in several organisms, decidedly belonging to the 
vegetable kingdom, may not also be a modification of mole* 
cular action, and governed by the same exciting power? 
For it appears to me that there are many points of analogy ; 
and it is difficult to imagine that a single cilium, of perhaps 
unicellular structure, and so minute as to be almost beyond 
the limits of microscopic vision, should derive its vibrations 
from an internal mechanism. Experiment tends to prove 
that the acting stimulus of motion exists externally. 

I have finally to remark that this is one of those com- 
paratively-few subjects which requires the use of large 
apertures, and the highest powers for its investigation (I 
have found a twelfth extremely serviceable), combined with 
considerable care in the illumination ; for many of the pheno- 
mena are on so minute a scale as to be classed among very 
difficult tests. 
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On fJie Cellulose (in Animals) Question. By R. Virchow. 
Arcbiv. f. pathol. Anatomie, u. Physiologic, &c., vol. viii., 
H. 1, p. 140. 

Since my former communlcatioiis respectmg the substance 
met with in the human body resembling vegetable cellulose, 
I have taken much pains to ascertain more precisely its 
nature. In now recurring to the subject, it is not that I have 
been altogether successful in the inquiry, but rather because I 
perceive that it is becoming more and more involved in con- 
fusion. There are some even who, whether from superficiality 
or for other reasons, appear to regard what I have said, — as I 
believe with sufficient distinctness — as unsaid, and have 
busied themselves in associating with the amyloid bodies 
described by me, bodies of all kinds, only morphjologically 
analogous with them. The reaction of iodine and sulphuric 
acid having once been established, nothing can be described as a 
corpus amylaceum which does not exhibit this reaction. At 
most can such bodies be termed corpora amylacea sfmria. 

To this class of false amyloid bodies, which have been 
explained as trtie^ belong — 

1. The brain-sandy noticed by Cohn (Bericht, iiber das 
Allerheiligen-Hospital zu Breslau, 1854, p. 14). Except 
that Busk (Quart. Jour. Mic. Sc, 1854, January, No, 6), in 
one instance, under particular circumstances, found in the 
corpus striatum calcareous bodies, whose external soft layer 
assumed a peculiar reddish-yellow colour under iodine alone, 
which induced him to compare it with the immature cellulose 
of many plants, as of Hydrodictyon. 

2. Various gelatinous granules^ which have of late been fre- 
quently comprehended under the ambiguous name of '* colloid 
granules." Many of these are decidedly of an albuminous 
nature, as I have said before (vol. vi., p. 580). It is possible 
that the bodies described by Gunsberg (Zeitsch. f. Klin. 
Med., v., p. 297) from a colloid tumour of the abdomen 
belong to this class, although the description is not suffi- 
ciently clear ; and in a cerebral tumour occurring at the same 
time, arenaceous corpuscles are described as of an amyloid 
nature. 

3. The concentric epidermis globules (globes epidermiques), 
which are met with most abundantly in cancroid tumours. 



VIRCH6W, ON THE CELLULOSE QUESTION. 285 

and which Gunsber^ places with the corpora amylacea. To 
this category also belong, as I first stated (Arch., rol. iii., 
p. 222), the concentric bodies of the thjmus-gland, of which 
Funke (Wagner's Physiol., 4th ed., 1854, p. 127), supposes 
that they are identical with the corpora ami/lacea of the 
brain. I have expressly stated (vol. vi., p. 138), that they 
do not exhibit the peculiar reaction with iodine and sulphuric 
acid. The same may be said of the so-termed colloid bodies 
of the hypophysis cerebri. 

4. The so-termed Hassallian corpuscles in coagulated 
blood, but which should properly be named after Gulliver, 
since they had previously been described and figured by him 
in his translation of Gerber. 

5. The medullary matter described by me (vol. vi., p. 562), 
and identified by Henle with the Hassallian corpuscles, not- 
withstanding that its analogy with the nerve-medulla had not 
escaped his notice, and which is placed by Meckel under his 
'^ lardaceous substance" (Speckstoff), although it is a normal 
constituent of most tissues. I had already stated that this 
substance does not exhibit the peculiar reaction with iodine 
and sulphuric acid, that it is soluble in hot alcohol, in ether, 
and other substances, in which the corpora amylacea are in- 
soluble, and also that it resists concentrated acids and 
alkalies, which at once destroy the corpora amylacea. In 
short, this medullary matter (Markstofif) has nothing in com- 
mon with the corpora amylacea. 

6. Leucin-ffranuleSf which are so readily separated par- 
ticularly in extract of milk, and which have also been de- 
scribed by Meckel as a kind of fat, and placed under the 
lardaceous substances. These bodies also, do not exhibit the 
reaction with iodine and sulphuric acid. 

Among all animal substances there is but one, so far as 
our present knowledge extends, which can be brought into 
question, and this is cholesterin. The great difference 
which exists between cholesterin and the corpora amylacea^ 
I have already (vol. vi., p. 420) pointed out in a cursory 
manner. It will be sufficient, here, to remark that tfie cellu* 
lose-like or amyloid stibstance, whenever it is met vnth, exhibits 
changes under iodine alone without any addition; thus the 
corpora amylacea of the nerve substance exhibit a bluish, 
and those of the spleen, liver, and kidney, a yellowish-red 
colour. Were this not the case, it would have been quite 
inconceivable how Donders and Busk should ever have 
thought of such a thing, as at once to declare them to be of 
the nature of starch. No sort of cholesterin upon the simple 
application of iodine presents any change of the kind, and 
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still less is it witnessed in situations where cholesterin in the 
combined state exists abundantly; as, for instance, in the 
nerves and in the spleen, of which I have shown that when it 
has not undergone the amyloid change, still it contains a very 
large amount of cholesterin (vol. vL, pp. 425, 565). On the 
other hand I would again remark, that sulphuric acid by itself 
changes cholesterin-crystals into brown or brownish-red drops 
(vol. vi., p. 420, vid. ; also Wiirzb, Verb., B. i., p. 314), 
whilst the corpora ami/lacea are destroyed without any change 
of colour. 

Busk, in his researches, besides iodine with sulphuric acid, 
also employed Schultze's reagent, — chloride of zinc and iodine, 
— and obtained also by its means the blue reaction. I can 
confirm this as regards the brain, as well as with respect to 
the waxy degeneration of the spleen, liver, and kidney. This 
reagent even is to be preferred, from its greater convenience 
of application, to the iodo^sulphuric acid, onl^^ it must be very 
carefully prepared. At first I had hoped that it would afford 
a new test by which to distinguish cholesterin, but it was soon 
apparent that it also induced the most beautiful blue colour 
with that substance, although very slowly. At the same time 
I perceive, with much astonishment, that in England many 
conceive that the amylaceous nature of the bodies is proved 
by this reaction. This is altogether erroneous, for it is pre- 
cisely this which is to be regarded as especially characteristic 
of cellulose. 

In the impossibility of completely isolating the substance 
in question, I have repeatedly sought to produce its charac- 
teristic decompositions. My endeavour to change it into 
sugai^, by means of sulphuric acid failed (vol. vi, p. 426). I 
then experimented with saliva, and of course with saliva 
which was proved to be capable of readily decomposing vege- 
table starch. But these experiments also afforded no satis- 
factory result, either with normal saliva or with the secretion 
of a person under mercurial salivation, which possessed very 
energetic decomposing properties. Another series of experi- 
ments appeared to afford more favourable results ; but 1 was 
unable to arrive at any definite conclusion, owing to the cir- 
cumstance that, latterly, fresh materials were wanting. In any 
case the question remains in this state, viz.: — that of aU 
known substances none appears to be so closely allied to these 
bodies as are starch and cellulose. 

In respect to the situation in which the degeneration may 
be demonstrated with certainty, they are as follows : — 

1. The nervous system. Besides the situation before noticed 
may be mentioned the ligamentum spirale cochkcB ( Wurzb. Ver- 
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hand., Bd. V., p. IS), and numerous points in the atrophied 
substance of the brain and spinal cord. I hiive myself re- 
peatedly found them in astonishing quantity in the gelatinous 
and cellular softening of the brain, and particularly of the spinal 
cord. Busk found them, in one case, throughout nearly the 
whole brain. Willigk (Prager Vierteljahrsch. 1854, Bd. IV., 
p. 93) discovered them in cicatriform spots in the brain ; and 
Rokitansky (Sitz. Ber. der Wiener Akad, 1854, Mai. Bd. 
XIIL, p. 122), in various parts in a state of atrophy, particu- 
larly in the brain. Like Busk I have also seen them in the 
choroid plexus, although I am not quite sure whether they 
may not have been accidentally introduced. 

2. The spleen. In this organ the change exists both in the 
cells of the follicles and of the pulp. The arteries, as has 
been stated before by Meckel, exhibit the degeneration in 
their thickened walls throughout all the coats, and, in par- 
ticular, there is no doubt that the annular fibrous coat also par- 
ticipates in it. Sanders (Monthly Journal, 1854, Nov., p. 468) 
rightly remarks that the trcAecuks likewise are changed ; 
I have seen them thickened and rendered blue throughout by 
the action of reagents. If the deposit is not quite pure, the 
colour is more of a violet tint, or perhaps of green or greenish 
blue. 

3. The liver. In the true waxy degeneration it is chiefly 
the hepatic cells which undergo the change, although it some- 
times happens that the interstitial connective tissue as well is 
implicated in it. 

4. The kidneys. In these organs the amyloid condition is 
of the most frequent occurrence. The change commencing 
most usually in the Malpighian coils and in the afferent arteries, 
which are enormously thickened and have their walls infiltrated 
throughout. Next to these the connective tissue, surrounding 
the papillary tubuli uriniferi^ is chiefly affected ; far more 
rarely the portions seated higher up* 

Further investigations will show whether a simple infiltra- 
tion exists in these cases, or a direct degeneration. The case 
related by Stratford (Quarterly Journal Mic. Sci., 1854, 
p. 168) of an epileptic patient, in whom corpora amylacea are 
said to have existed in the blood, is not so certain that the 
matter can be regarded as decided by it. In any case, in 
most organs we have to do with an indubitable change in the 
structural elements ; and should my original view be farther 
confirmed, this change might briefly be described as a ligni- 
fication of them. 

It is of especial interest to consider the finer varieties of 
this substance in connexion with the corresponding vegetable 
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matters. The corpora amylacea of the nervous centres, both 
morpholo^cally and chemically, approach the nearest to the 
amylox-granules of plants. They have the same concentrically- 
striated structure, the comparatively strongly-reflecting sur- 
face, the bluish colour, upon the simple application of iodine, 
and lastly, their swelling in hot, and their ultimate solution, 
although with chemical change, in boiling water. Busk even 
says, what Donders and myself have been unable to perceive, 
that some of the smaller corpora amylacea exhibit, in polarized 
light, a sharply-defined dark cross, the lines forming which 
decussate in the centre of the granule at an angle of 45^, 
though it must be allowed that most of them exhibit only a 
single dark line. The same observer also believes that in 
one case he perceived minute particles of the amyloid sub- 
stance enclosed in cells, whose cavity they only partly oc- 
cupied. 

W idely diflerent from the above is the amyloid degeneration 
of the vessels,^ of the connective tissue, and of the cells in the 
spleen, liver and kidney. In these situations I have never 
obtained a blue, nor even a bluish colour, by the addition of 
iodine alone ; on the contrary, the peculiar yellowish-red is 
exhibited, which has from the first surprised me (vol. vi., 
p. 269), add which Meckel has since described as " iodine- 
red,*' and proposed as a characteristic of his lardaceous sub- 
stance. But at the same time care must be taken with respect to 
this, since, especially all parts containing blood, often assume a 
very similar appearance. At present it appears to me that 
we are in no case justified in admitting the existence of 
an amyloid substance, where a violet-blue or bluish-green 
colour is not produced upon the subsequent addition of sul- 
phuric acid or of chloride of zinc. But in all such cases it is 
advisable by the simple addition of concentrated sulphuric 
acid, to satisfy oneself that similar colours are not produced 
by that reagent, as may very well 'be the case, especially in a 
series of animal colouring matters. 

Whether the yellowish-red, or iodine-red appearance of the 
parts indicate any specific substance, is still to be shown. 
Busk seems inclined to compare with it a kind of immature 
cellulose, such as is said to occur in the lower plants. In any 
case, however, the deposition of the substance presents a close 
resemblance to true lignification — ^the formation of cellulose 
in plants. But in the vegetable kingdom, as is well known, 
the most numerous combinations of cellulose with nitrogenous 
substances are met with, so that, as Mulder in particular has 
shown, on the addition of iodine with sulphuric acid all sorts 
of impure colours are presented, constituted of a mixture of 
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blue and red^ or of brown and yellow. A similar play of 
ooloor may be witnessed particularly in the spleen, and espe- 
cially in the amyloid procured from the pulp and from the 
follicles, whilst nowhere do the blue and bluish-red colours at 
once appear so distinctly as in the Malpighian coils and the 
afferent arteries of the renal parenchyma. It appears, there* 
fore, scarcely to admit of a doubt, thiu sometimes sooner j some- 
times latcTy the albuminous substance of the tissue disappears 
and is replaced by the amyloid. 

In those cases, in which the substance differs still more 
widely from starch, and more dose approaches cellulose, the 
oigans affected exhibit the peculiarly pale, transparent, reddish 
or yellowish, or even brownish aspect, together with the cha- 
racteristic, as it were, oedematous consistence, which, as I 
conceive (vol. vi., p. 426), should be described as *' waxy," 
and not as lardaceous. 1 see with pleasure that the same 
idea, independently of me, has been adopted in Edinburgh, 
and the process been at once described as ^* waxy degeneration" 
(Monthly Journal, 1854, February and March). In the 
majority of cases the indurated organs are at the same time 
enlarged, so that no doubt can be entertained that new matter 
must have been taken up. 

The coexistence of amyloid disease in the liver, spleen, 
and kidneys, which has been so often observed, though not 
so frequently as many believe, of course leads to the suppo- 
sition of the existence of a common cause — of a constitutional 
disturbance, A humoral pathologist would naturally suppose 
a corresponding crasis. But a more cautious observer would 
be satisfied with saying, as I have done in my former com- 
munication on the subject of the ^^waxy spleen," that the 
common factor is a cachectic condition, whose more specdal 
nature remains to be elucidated. 



On the Action of a Concentrated Solution of Urea tmon 
the Blood-Cells. By A. Kolliker. (Zeitsch. f. mss. 
Zool., vol. vii., p. 183.) 

In the prosecution of a series of researches, respecting the 
influence of various reagents upon the spermatic filaments, 
I have almost always employed the blood-cells as a test of 
the degree of concentration of the fluids experimented with. 
I was thus led to observe, in the Frog, a remarkable change 
produced in the blood-cells by a concentrated solution of 
urea (30 per cent). The blood-cells gradually acquired an 
irtegular, js^^ed outline, and were rapidly transformed into the 
VOL. III. u 
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most beautiful stellate cells, usually having 3 — 6 tolerably 
long and somewhat clavate processes, so as to be brought to 
resemble very closely the irregularly^stellate pigment-cells of 
the lamina fiuoa of the sclerotic. This elegant form, however, 
was not long retained ; for the processes now began speedily 
to become melted down, sometimes disappearing by a gradual 
process of fusion commencing at the border of the cell, and 
occasionally in detaching larger or smaller droplets, which 
immediately became pale and disappeared. Thus, at last, 
the nuclear part of the cell only remained as a minute, round, 
dark-red, brilliant globule, which, ultimately, also lost its 
colour and disappeared up to the nucleus without leaving a 
trace. 

In order to ascertain the causes of these extraordinary 
changes in the blood-cells, I began now to try the effect of 
weaker solutions of urea. These experiments showed, that 
solutions containing 15 per cent, produced the same changes 
as those above described, and this was the case also, though 
more slowly, with solutions containing 12 per cent, or having a 
specific gravity of about 1 * 043. In solutions of 1 ' 026 sp. gr., 
the cells remained almost without change, whilst in others, still 
more diluted, down to a sp. gr. of 1*004, they were ren* 
dered spherical and pale, with distinctly-visible nuclei^ just as 
they appear upon the first addition of water. Thcsse pheno- 
mena, as well as the considerations which are opposed to the 
assumption of a chemical influence being exercised by an 
indifferent substance, such as tciMa, upon the blood-oorpuscles, 
induced me to try the effect of other concentrated solutions 
upon the blood-cells of the Frog, whence it appeared that in 
solutions containing 30 per cent of *^ sugar of milk," nume- 
rous blood- cells were rendered so pale, that nothing remained 
visible except the nuclei. The same thing takes place in all 
the cells in a concentrated solution ot glycerin^ except, that in 
this instance, many of the nuclei exhibit a very delicate border 
due to the cell membrane. A similar effect follows the ap- 
plication of mucilage of quince seeds. But in none of these 
solutiotis did the blood-cells assume the stellate form, nor 
exhibit the extraordinary fusion, and breaking up into sphe- 
rical drops, which is manifestecl in solutions of urea ;^ upon 
which, however, the less stress, perhaps, should be placed, 
since human blood-cells, in a solution of urea containing 30 per 
cent simply diminish in size, become rounded and lose their 
colour, without previously exhibiting any other phenomenon. 
Of salts I have hitherto only tried solutions of common salt 
and of acetate of soda (Na O A). When, concentrated solu- 
tions of these salts are mixed with frog's blood, and the 
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mixture is left to itself for a few minutes, most of the cor- 
puscles lose their colour entirely, scarcely anything remaining 
visible except the nuclei. If the changes are followed more 
closely, the corpuscles will be seen at first to become wrinkled, 
in which condition also many remain for a long time ; but this 
is succeeded by a stage, in which they become smaller and 
rounded, and perhaps also throw out a few rounded protru- 
sions, until at last they are rendered quite pale. On the 
prolonged action of common salt, the corpuscles may often be 
seen surrounded with a complete cloud of liberated particles 
of hcematin^ and it would even seem that the cells frequently 
disappear altogether under the energetic influence of the con- 
centrated solution. 

From the above it is allowable to regard the whole pheno- 
menon as one of a physical nature, and to assume that, as 
dilute solutions remove the colour of the blood-corpuscles by 
endosmosis, so do concentrated solutions produce the same 
effect by causing an excessive exosmotic current from the 
blood-cells into the surrounding fluid The very energetic 
action of urea^ may perhaps be explained by the high value 
of the endosmotic equivalent of that substance, with respect 
to which I hope at some future time to be able to communi- 
cate more precise observations. 



Notice respecting the Occurrence 6/Lymph-Corpuscles tit the 
commencements of the Lymphatic Vessels. By A. Kollikek. 
(Zeitsch. f. Wiss. Zool., vol. vii., p. 182.) 

The recent researches of Virchow on the one hand, and of 
Briicke, Donders, and myself on the other, have shown that 
the lymphatic glands are the principal seat of origin of the 
cellseform elements of the chyle. The further question arises, 
as to whether lymph-cells are formed in other situations 
besides those organs, and particularly, whether the inde- 
pendent formation of such cells, in the commencement of the 
lacteals, which has recently been almost universally assumed, 
be really deducible from well-ascertained facts. This question 
is of the greater interest, that the formation of lymph-cells in 
the commencement of lymphatics has hitherto been regarded 
as one of the most certain instances of the formation of cells 
around isolated nticlei contained in a fluid, whilst the more 
recent results of histological inquiries have tended more and 
more to limit the occurrence of a free cell-formation inde- 
pendent of pre-existing cells. Consideration of the foregoing 
facts, would certainly, at first sight, appear to render the 

u 2 
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qaestion now in discutsion tuperfluons, inasmuch as it has 
long been proved that the lacteflds of the small intestine, even 
at their commencement between the intestine and the mesen- 
teric glands, contain Ijmph-corpuscles ; but here the possi- 
bility arises, that the cells may be derived from the Pejerian 
and solitary follicles, whose connexion with the lacteals is 
asserted by Briicke, and which on this account have been 
regarded as a kind of lymphatic glands. In this state of 
things, it is above all necessary to investigate the conditions 
under which, and the situations in which, the lymphatics 
contain cellaeform elements previously to iheir reaching the 
lymphatic glands, and where not; an investigation idiich, 
when carried out sufficiently, is more difficult than it appears 
at first sight. Although I have had neither opportunity nor 
leisure of instituting detailed researches on this subject, still 
I am in a condition to communicate some facts, which may 
serve as an introduction to further inquiries. 

In a large Dog, which had been copiously fed a few hours 
before death, and in which all the lymphatics of the abdo- 
minal organs were distended, H. MUller and I found, in all 
the lacteids proceeding from the Peyerian glands, (which in 
such cases are alwavs enlarged,) in every preparation, a con- 
siderable amount of colourless cells. The chyle from the 
other vessels of the small intestine, however, ^so contained 
cells, but these were in general less abundant, though in one 
case likewise the number was not inconsiderable. In the 
same way also the lymphatics arising from the large intestine 
contained a certain number of cells in the pale-coloured 
lymph. On the other hand, we were unable to discover a 
trace of cellsBform elements in the lymph taken from the 
much-distended vessels of the liver. 

Upon the supposition, therefore, that the solitary follicles 
of the small and large intestine communicate with lymphatic 
vessels, these facts would appear to correspond with the 
hypothesis, that the lymphatic glands and the analogous 
follicles of the intestines are the only sites of formaticm of 
the lymph-cells. 

On the other hand, again, I invariably found in the large 
lymphatics of the spermatic cord of the Bull, close to the 
epididymis, in several very carefully-examined cases, a certain, 
though it is true but small, number of cells, which were in- 
distinguishable from lymph-corpuscles. 

Further investigation, for which I would recommend the 
lymphatic vessels on the exterior of the gastric mucous mem- 
brane of the Pig, and those of the uterus and liver in the 
large mammalia, will show in what cases lymph-cells exist 
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in lymphatics, which have no connexion of any kind with 
glandular organs. Should it thus appear, of which I can 
scarcely douht, that the occurrence of these corpuscles, ob- 
served by me in the lymphadcs of the testis, is a frequent 
event, the origin of these lymph-cells will have to be traced 
further, and above all, it will be requisite to consider whether, 
perhaps, the epithelial cells of the smaller lymphatics may 
not participate in this cell-foimation more than we have 
hitherto been inclined to believe. 



On the Influence jg/" Caustic Alkalies upon tJie Motions of 
the Spermatic Imlaments. By A. Kolliker. (Siebold 
and Kollik. Zeitsch. f. w. Zool., vol. vii., p. 181, March 26, 
1855.) 

Sethng out with the well-known observation of Virchow 
( Virch. Archiv., vot vi., p. 133, 1853 ; Quart. Joum* Mic. 
Sci., vol. ii., p. 108), with respect to the action of caustic 
potass and soda on the ct'Zui, I have in the last winter inves- 
tigated their action upon the spermatic filaments. To my 
agreeable surprise a perfect correspondence was exhibited 
between these two motile bodies, except that I noticed an 
influence from ammonia upon the spermatic filaments, which 
had not been observed by Virchow in the cilia. In order to 
observe the action of caustic alkalies upon the spermatic 
filaments, the best mode of proceeding is to allow them to 
become perfectly quiescent in a dilute solution of sugar or of 
albumen, and afterwards to introduce the caustic in small 
quantity beneath the covering glass. It will then be seen 
wherever the potass or soda reaches that the mass is again 
put into the most lively motion, fully as active as that of 
the perfectly-fresh spermatozoids ; but after a short time 
(\ — 1 — 2 minutes) a total quiescence takes place, from which 
the spermatic filaments cannot in any way be again roused. 
This phenomenon is best witnessed on the application of a 
solution containing from 1 to 5 parts in 100 of caustic soda 
or potass. In stronger solutions it undoubtedly takes place, 
but in this case the movement is soon over, nor does it occur 
in all the filaments, many of which, and especially those which 
first come into contact with the stream, exhibit, instead of 
active vibratile and locomotive movements, only a few rotar 
tions on the axis, and then become quiescent in the extended 
posture. Concentrated solutions of caustic alkalies, contain* 
ing from 10 to 50 in 100, also produce the phenomena of 
revivification in a mass of quiescent spermatic filaments^ and 
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in a well-marked .manner, bat in this case care is still more 
requisite than with more dilute solutions. 

The aboFe phenomenon is witnessed not only in the Afam- 
malia in which I first observed it, but also in the Amphibia^ 
except that in the latter (Frog) far more dilute solutions of 
caustic alkalies are required to produce it, the spermatic fila- 
m^its of these animals being much more readily destroyed 
than those of the Mammalia. As respects the Birds and 
Fishes, my observations in these classes are not concluded. 

When the action of caustic alkalies upon the spermatic 
filaments is observckl farther, it is obvious that they are 
powerful excitants, not only in concentrated solutions, but 
that they also exert an influence in dilute solutions also. If a 
solution of sugar, which does not affect the movements of the 
spermatic filaments, be mixed with a small quantity of caustic 
potass, so as to make a solution containing 1-1000 to 1-5000 
of the alkali, it will be seen that a flujd of this kind not 
only maintains the motions of the filaments for hours together, 
but that it renders them even more lively than in the pure 
syrup itself, so that it would seem as if very weak alkaline 
fluids of a certain strength are the most favourable to the 
movement of the spermatic filaments. 



On the Sestoration of the MonoNS of the Sperhatozoids 
of the Mammat.TA. By MM. Moi^SCHOTT and J. C. 
ElOCHEm. (Comptes rendus. No. 18, Mars 26, 1855.) 

The author^s researches were made on the spermatozoids of 
the BuU, taken in each experiment from the epididymis. 
Theke spermatozoids have a lynx-shaped head, the depression 
in which is small and situated towards the inferior third, and 
a veiT long tail, furnished with a minute appendicular 
nodosily, which is soluble in the alkalies, and is usually 
placed in the middle of the filament, though in some indivi- 
duals it is situated nearer to the head. 

When the testes have been procured from an animal recently 
killed, the vitreous humour, diluted with three parts of water 
and filtered, is very appropriate for the observation of the 
movements of the spermatozoids; but this fluid is no longer 
sufficient when the testes have been ](ept for one or several 
days. In order, then, to revive the spermatozoids, we are 
acquainted with nothing which succeeds better than solutions 
of common carbonate or phosphate of soda, containing 5-lOOth 
of the salt By this means, even after the lapse of two days» 
all the chaiacteristic movements of the spermatozoids may 
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be excited. At firit, only a few exhibit trembling vibrations, 
bat which are soon communicated to others, and in two or 
three minutes the whole are in motion as actively as in the 
recent secretion. We have several times succeeded in re- 
animating these motions of the spermatozcnds, in the secretion 
which had been retained in the epididymis three or four days 
after the death of the animal, at a temperature varying from 
5^ to 20^ Cent If, instead of solutions of the above strength, 
more concentrated ones are employed, the action is commonly 
slower, weaker, and, above all, less general ; nevertheless we 
have occasionally seen movements produced quite as rapid, 
and also quite as general by means of a solution, containing. 
1-lOth of the salt ; a solution containing 1-lOOth of the salt is 
usually inert. 

Chloride of sodium, is less efficient than the phosphate or 
the carbonate of soda, inasmuch as its action is only very 
feeble beyond 48 hours after the death of the animal. But 
it is extremely remarkable, that a solution containing not 
more than 1-lOOth of common salt produces the greatest 
effect, whilst solutions containing 5, 10, and 26'4 per cent, 
have none at all, and even solutions of 3 to 4 per cent, are far 
less active than those with 1 per cent The latter surpasses 
in efficiency the solution of sulphate of soda, which, like the 
carbonate and phosphate, ought to be of the strength of 
5-lOOth. Solutions containing 1 to 10 parts of the sulphate 
in 100 have a feeble action, and the concentrated solution 
produces none at alL Ordinarily the solution of sulphate of 
soda, containing 5 parts in 100, is less certain in its effects 
and less active and durable than the carbonate, phosphate, and 
chloride, particularly if the secretion is not recent. 

As for the salts of potass, we have compared the carbonate 
in a solution containing 5 in 100, and the chloride in one con- 
taining 1 in 100. Their action is less constant, slower, less 
lively and less general than that of the salts of soda. 

What has been said of the semen of the Bull does not apply 
to that of the Frog {Bona esculmtd). According to our observ- 
ations, common salt retards the movements of the spermato- 
zoid of the latter animal ; the phosphate and the carbonate 
cause them to cease altogether. The spermatozoid of the Frog 
coil up in solutions of the same salts, and at the same degree 
of concentration, as revive those of the Bull with the ffreatest 
energy. This difference recalls a fact observed by M. Moles- 
cfaott, that the blood-corpuscles of birds (Fowls, Pigeons) are 
less corrugated under the action of saline solutions than are 
those of the Mammalia and of the Frog. 



296 ON THE VITALITY AND DEVSLOPMENT OP 



On Hie ViTALiry and Dbvblopment qf the Spbrmatic Fila- 
ments. By A. KoLLiKER. (From the VerhaocL d. phjs. 
med. Gesellsch. in Wiirzb. Bd. VI., 1855.) 

Referring to a former communication (vide p. 293), con- 
taining the observation, that caustic alkalies are powerful 
excitants of the spermatic filaments, the author believes that 
he has now arrived at certain results, of which the present 
paper gives a preliminary account, the more detailed 
exposition of hiB inquiries being reserved for a future 
occasion. 

The results which he has obtained, with respect to the 
motile phenomena of the spermatic filaments, are embraced 
in the following propositions, which have reference to the 
Mammalia. 

1. In pure semen^ taken from the epidermis and va» deferens, motile 
spermatic filaments exist in very great abundance. 

2. In vxiter and aqueous solutions cf ail innocuous, indifferent substances 
and salts, the motion of the filaments ceases, and they form loops. 

3. These filaments, thus famished with loops, are not dead, as has 
hitherto been generally believed ; for, on the contrary, they revive com- 
pletely upon the siibsequent addition cf concentrated solutions of innocuous, 
indifierent substances (sugar, albumen, urea), and of salts. 

4. In all animal fluids, when considerably concentrated, or highly 
saline, which are not too acid nor too alkaline, nor too viscid, the motions 
of the spermatic filaments are unimpaired ; this is the case, for instance, 
in blood, lymph, alkaline or neutral urine, alkaline milk, thin mucus, 
thick bile, the vitreous humour, — but not in saliva, acid, or strongly- 
ammoniacal urine, acid milk or mucus, the gastric juice, thin bile, and 
thick mucus. When the proper degree of concentration of the latter fluids 
is successfully attained, and their reaction is rendered neutral, they are 
innocuous. 

5. In all solutions of indifferent organic substances moderatdy concen^ 
t rated the filaments move with perfect facility — thus in all kinds of syrup^ 
in albumen, urea, glycerin, salicin, amvgdalin. More concentrated solu- 
tions of these substances cause the motion to cease, but it is restored upon 
their subsequent dilution with water. Too dilute solutions act in the 
same way as water (vide 2 and 3). 

6. Certain solutions, as they are termed, of indifferent organic substances 
act like water, however much they may be concentrated, such as solutions 
of gum arabio, vegetable mucus (gum tragacanth, mucilage of quince- 
seed^), and of dextrin. Conoentrated solutions of other substances, in 
this case also, restore the motions. 

7. Many organic substances cause the motions of the filaments to cease» 
owing to their chemical action upon them, such as alcohol, creosote, 
tannin, and ethet ; others owing to their mechanical effects, as most oils. 
Narcotics, in certain degrees of oonoentration, are not injurious. 

8. MetalUc salts are injurious, even in extremely dilute solutions ; sach, 
for instance, as a solution containing ^J^ of corrosive sublimate. 

d. Most of the alkaline and earthy salts are innocuous in certain degrees 
of concentration, which in some is greater and in some less ; so Tittle 
hurtful, in fact, are they, that the filaments may be kept alive in them for 
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from one to four hours. Among these may be enumerated solutions of — 
common salt ; chloride of potassium ; sal ammoniac ; nitrate of soda ; 
nitrate of potass, containing 1 part to KX) : moreover, solutions containing 
from 5 to 10 parts in 100 of phosphate of soda ; sulphate of soda ; sulphate 
of magnesia ; chloride of barium. As regards some of these salts, the fact 
had been previously noticed by older writers, and more recently by 
Quatrefisges, Nevrport, and Ankermann. Solutions unduly diluted have 
the same effect as water, and cause the formation of loops, hU the filaments 
art revived twon the addition of a concentrated solution of the same saUs 
and of indifferent substances (sugar, urea, &c.). Stronger saline solutions 
than are reauired, also interfere with the motions ; but, in this case like- 
wise, the filaments are capable of revival upon the addition of water. 
These salts can scarcely be regarded properly as revivifiers, as was asserted 
not long since by Moleschott and Kicchetti (vide p. 294), for filaments 
which have become quiescent in indifferent substances, as sugar, for 
instance, are not revinfied again by them ; and their action is widely 
different from that of the real excitants — the caustic alkalies. It cannot 
be denied that their influence is very favourable, and that (but perhaps 
owing only to their ra^id diffusion in the water^ they produce motion in a 
seminal mass more rapidly than other less diffusible substances, such as 
sugar and albumen ; on which account the above-named authors ascribe 
revivifying properties to them— a fact which, before them, had been made 
known, as regards common salt, by Quatrefages, and by Newport, for 
carbonate of soda and potass ; which latter salts, moreover, in my experi- 
ments, caused the motion to cease in lO' or 15', almost like the caustic 
alkalies. 

10. Acids^ even in very small quantity, are injurious ; such as hydro- 
chloric acid, in the proportion of 7^ 

11. Caustic aUcaiies (soda, potass, and ammonia, not lime and barytes), 
in all degrees of concentration, from ^ to 4 are special excitants of the 
spermatic filaments. Whether the latter nave become quiescent spon- 
taneously, as in old semen, or have ceased to move in indifilerent solutions, 
the above substances recall the most active movements which are not dis- 
tinguishable from the vital. But these motions cease after two or three 
minutes, and from this quiescence the filaments cannot be roused by any 
means. When mixed with indifferent substances in small proportions 
(from -ntn ^ Adt ^ ^^^ instance, in syrup, the caustic alkalies afford 
a means by which the motions of the spermatic filaments may be main- 
tained for a long time. 

12. Semen dried in indifferent substances, and in saline solutions, may, 
in certain cases, have its motion restored by dilution with the same fluid, 
or with water. 

So much, as regards the Mammalia, with which, so far as 
the author has had an opportunity of observing, the Birds 
correspond in all essential particulars. In the Amphibia, 
as, for instance, in the Frog, a difference was so far observable 
that the spermatic filaments, owing to their chemical consti- 
tution, required less concentrated solutions, in order to exhibit 
their natural motion. On this account water and aqueous 
solutions have very slightly-deleterious effects on them ; and 
greater dilution is requisite in the saline solutions^ in order 
to exhibit the movements, than in the Mammalia. That is 
to say, one -half per cent, solutions of common salt ; chloride 
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of potassium'; chloride of ammonium ; nitrate of potass; nitrate 
6{ soda; carbonate of soda; and solutions containing T^vth of 
phosphate of soda ; sulphate* of soda ; sulphate of magnesia ; 
muriate of lime ; muriate of barytes, &c. All the other con- 
ditions are alike : thus, in particular, the revivification from 
concentrated saline solutions, except that the alkalies act as 
excitants only in very weak solutions, and are destructive in 
stronger. 

. The spermatic filaments of Fish, in their behaviour towards 
water, correspond more with those of the Amphibia, but thej 
are by no means so long-lived. They are distinguished also from 
those of the Amphibia, and of all other vertebrate animals, 
by the greater delicacy of their structure, and by the di£Sculty 
which exists in the finding of media favourable to their motion. 
In general the same degree of concentration in the solutions 
should be employed with them as with the spermatic filaments 
of the Frog, except that it seems there are but few substances, 
such as phosphate of soda in the proportion of 1 per cent., 
and of sulphate of magnesia of the same strength, which are 
altogether favourable to them ; but in these me£a I have seen 
them in active motion for from six to twelve hours ; and such 
solutions are perhaps adapted for the prolonged maintenance 
in an active state of the seminal fluid of Fish. The revimfi" 
cation after the actum of water and of too concentrated solntunu 
takes place in them in the same way as in the spermatic filaments 
of the Mammalia. The caustic alkalies also act upon them as 
excitants, though only in dilute solutions of 1 to ^ per cent, 
for in stronger the filaments are immediately destroved. 

When these facts are carefully considered, it is obvious 
that it is impossible, with Ankermann, to regard the motians 
of the spermatic filaments as the effect simply of endasmosis. 
I consider that they are induced by molecular changes in 
the interior of the filaments, which, though unknown, may 
at present be compared with those in the muscular fibres, 
and still more aptly to the ciliary organs of the Infusoria, 
and to cilia in generaL Should any one be inclined to the 
opinion, that the revivification of filaments which have been 
treated with water, by the application of concentrated solu- 
tions, as of sugar, salts, albumen, &c., as well as the restoration 
of motion by means of water, after treatment with too concen- 
trated saline solutions, are circumstances in favour of Anker* 
mann's views, I would remark, that the Infusoria and cilia 
also behave in the same way towards saline and other solutianM. 

The Opalines — minute hifusoria from the rectum of the 
Frog, and the cilia of the Frog's tongue — move in a solution of 
common salt of 1 per cent, and of phosphate of soda of the 
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strength of from 5 to 10 per cent. In a solution of salt of 
5 per cent, and of sugar of from 10 to 15 per cent, they 
shrink up and become quiescent, though reviving upon the 
addition of water: I have even succeeded in reviving the 
OpaKfUB^ after they had been treated with a solution of 
common salt, in the proportion of I'vth. 

With respect to the (kvelopment of the spermatic filaments, 
I will here say only this much, that, from my latest observa* 
tions, they are not developed in the nuclei of the spermatic 
cells and cysts, but out of them. These nuclei^ which occur 
either singly in small cells, or in numbers together, jfr6« in 
larger cells and cysts, become elongated, and push out fron» 
one end a filamentary process, whilst the principal mass con- 
stitutes the body of the filament The spermatic filaments 
are at first coiled up in the cells and cysts, and are afterwards 
liberated by the perforation of these receptacles, in doing 
which they frequendy carry with them portions of the walls, 
forming the appendages and hood-like cauls which have been 
already pointed out by other observers. 
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NOTES AND CORRESPONDENCE. 



R^if •• wmm^ wummgkm tof F. H. waOuuB^-In an article bj 
F. H. Wenham, Esq., of London, published in the * Quar- 
terly Journal of Microscopical Science' for July, 1854, 1 have 
noticed the following paragraph : — 

^^ These experiments [made by Mr. Wenham] will readily 
account for the difficulty of discoyering the markings or struc- 
ture of a severe test when mounted in balsam ; for as thus 
seen it may be in£erred that no aperture exceeding 85^ can 
be made to bear upon it, and this is even supposing that the 
largest aperture object-glass that has ever been constructed is 
usecL Such being the case I am somewhat puzzled at an 
announcement that appears to contradict this fact, coming 
from one that must be considered as authority in these 
matters. I refer to Professor Bailey, who, in a letter addressed 
to Matthew Marshall, Esq., dated January 20, 1852, first 
speaks of an American object-glass of very laige aperture 
(172i^), and its performance on the most difficult tests kncum^ 
and then proceeds to say, ^ In all these cases (and in fact 
whenever I allude to a test-object) I mean the fta&om-mounted 
specimens. The dry shells I rkever use as tests.' This asser- 
tion seems to me to be extraordinary, and very like saying 
that an aperture of 85^ or 90° will do everything that is re- 
quired. I have invariably found that when very difficult tests 
are mounted in balsam I cannot discover the markings, and 
certainly the reasons herein given will account for it. It is 
to be hoped that the Americap opticians have discovered 
some new and peculiar principle in object-glasses, that will 
render a smaller amount of aperture serviceable ; but however 
this may be, I think that Professor Bailey's statement requires 
some explanation." — Joum, Mic. Science, July^ 1854, p. 215. 

It is apparent from the above that Mr. Wenham has con- 
vinced himself, both by ^^ reasons" and experiment, that I 
auffht not to have seen the markings on delicate test-objects 
when mounted in balsam ; and that as he invariably found 
that he could not discover these markings, therefore some 
new and peculiar principle in object-glasses must have been 
discovered to account for the success of American opticians. 
In answer to this I would state that both in print, as well as 
in private letters, I stand fully committed to the statement 
that I can resolve the most difficult tests known even when 
mounted in balsam. In 1849 I stated in this Journal, vol. vii., 
p. 268, that ^^ the resolution of these tests mounted dry is so 
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much easier than when in balsam, that objects thns mounted 
are of little value in testing the powers of lenses, although 
they may answer well when the end is to make out the real 
structure of the object it8el£" In fact I have up to this time 
met with no object which, when mounted dry presents suffi- 
cient difficulty to rank as a severe test-object, while there are 
many which when balsam-mounted become very satisfac 
tonr. 

it is certainly no duty of mine to explain why Mr. Wenham 
has failed in his attempts to resolve the balsam-mounted spe- 
cimens, particularly as the resolution of such tests is a matter 
of every-day amusement with microscopists in this country, 
and I believe Mr. Wenham does injustice to the microscopists 
and microscopes of London, in representing the English 
glasses as incapable of doing as much. That the English 
lenses are capable of performing well on balsam-mounted 
objects of consideraUe difficulty I know by my own trials, some 
of which are referred to in the following paragraph from a 
paper recently published in the ^ Smithsonian Contributions 
to Knowledge/ vol. viL, p. 14 : — '* I would here state that in 
the spring of 1853, 1 resolved the Greenport Orammataphora 
[balsam-mounted] unmistakably by a l-4th of an inch objec- 
tive made by Spencer, and subsequently by a l-4th recently 
made by Powell of London for Dr. Vamarsdale of New 
York." 

As Mr. Wenham does not mention the names of the test- 
objects employed by him, I cannot say that they may not be 
more difficult than any known to me ; yet I feel no hesitation 
in challenging him to produce an object resolvable when dryj 
which I cannot resolve when balsam-mounted. I will also 
state that I at present know of no test-object more difficult 
than a supposed variety of Grammatoptwra stricta^ Ehr., from 
Halifax, N. S. This is as much more difficult than the Pro- 
vidence Grammaiophora^ as the latter is more difficult than 
the Greenport specimens. As a supply of the last two 
varieties has been in London for two years they are probably 
known to Mr. Wenham, and may have been subjected to 
experiments by him. That the balsam-mounted specimens 
of all these objects can be satisfactorily resolved is well 
known to American observers ; and the following statement 

fiven by Judge A. S. Johnson, in vol. xiii., p. 32 of this 
oumal, is fully confirmatory of my own experience. Speak- 
ing of a new object-glass of 174^, made in July, 1851, by 
Spencer, the following remarks are made : — 

^^ The light failing us as evening was approaching, we did 
not try in ^is way either the Amici test or the Providence 
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Gramm&tophariij but in the evening we saw both these 
objects [balsam-mounted] satisfactorily resolved into dots bj 
miieflected oblique light from one wiek of a common bed- 
chamber lamp, burning oil, a homely but very effective 
method of illuminatioa tor objectives df large apertures/' 

It appears then that the resolution of balsam-mounted s]>e- 
cimens of difficult test-objects can be accomplished, in spite 
of Mn Wenham's arguments and experience to the contrary. 
The error in his arguments will be sufficiently obvious to any 
one who will trace the course of a divergent pencil of rays 
4nU of the balsam instead of into it, as in Mr. Wenham*s 
experiments, and it will then be seen that large angles of 
aperture are as useful for balsam-motmted . specimens as for 
others. I leave the defence of laige angles oT aperture to the 
professed optician, being well satisfied that, notwithstanding 
the extraordinary attempts made by certain writers in Eng- 
land to underrate the value of the improvements made in thia 
direction, no one who has once employed a properly-corrected 
object-glass of large aperture will ever be satisfied with one 
of a different construction.— Professor J. Bailet, in Ame^ 
rican JounuU of Science and Arts. 



• — In continuation of this subject I have to bring for- 
ward a few experiments recently made, for the purpose of 
viewing objects with the full aperture of the object-glass, 
when mounted in Canada balsam. 

The fact that balsam does diminish the angle of aperture 
of the microscopic object-glass when in action for viewing a 
structure, mounted in the substance of that or any other 
refractive medium, has already been sufficiently demonstrated, 
both theoretically and practically, in the papers of Professor 
Robinson and myself; and I consider that no further proofs 
are requisite for establishing the truth of a position, which a 
few simple experiments can be made to convey the most 
direct conviction to unassisted eyesight, and which is so 
strictly based upon the very first laws of incidence and 
refraction. A fact so obvious as this can only be disputed 
for two reasons— either ignorance of these laws, or a*doubt of 
their accuracy. To argue the point on one or both these 
grounds would be beyond my province or capacity ; I, tbere- 
Jfore, take this as a reality not to be disputed, and as such 
proceed on the strength of it 

The shacpness and beauty with which some test-objects are 
displayed under the diminished aperture, consequent upon 
balsam-mounting, is upon first consideration rather surprising. 
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and tends to show analo^callj the very great increaae of 
distinctness that nould be obtained if tbe object could be 
■een in the same medium with Ihejtill aperture of tbe object- 
glass. Haring been rather curious to know if objects in 
balsftm could be observed under such an advantage, I have 
tried a few experiments, which were saccessful in their 
results. 

I first took a small hemailmical lent, of about l-90th of an 
inch radius, and cemented it over a selected specimen of one 
of the DkOomacetE {N. ngmd) with Canada balsam, in ttte 
r represented oy the annexed diagram. A, the object; 



b b, slide upon which it is mounted ; c c, hemisphere of glass 
covering the object ; d d, pencils of rays diverging from the 
object — these may also be considered to represent tbe aperture 
of the object-glass. It will be seen from tbe position of the 
object, that each ray of light passing from that point through 
the surface of the hemuphere, will be transmitted in stisigbt 
lines, in a radial direction, without undergoing any refrac- 
tion ;, tbe consequence of which is, that the full and undi- 
minished aperture of tbe object-glass is made to bear upiMi 
the object 

If an object is already covered with tbin glass, it may be 
surmounted with a lens, so for short of a hemisphere as the 
thickness of the cover, which of course amounts to tbe same 
in effect as if the lens were hemispherical. I have a specimen 
of P. fomwtum, mounted in this manner, by which the 
markings arc remarkably well displayed. A more simple 
method of obtaining a simitar result is by the following 
course of proceeding ; — Spread some of the desired forms of 
Diatomaceee upon a glass slip while in a moist state, and when 
dry, scatter a number of small fragments of bard Canada 
balsam upon the same surface ; apply heat very gradually, and 
these will each run into the form of a spherule ; they will 
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next slowly sink into a shape appToaching to that of a hemi- 
sphere* Before this figure is quite completed, place the 
slide under the microscope^ and ascertain if any one of the 
xiodules of balsam exactly covers a fair specimen, if not, the 
trial must be repeated with a fresh slide. Having found an 
object properly situated under the particle of balsam, the 
next step is to bring the latter down to the form of a. hemi- 
sphere, by the further aid of hJeat very cautiously applied* • 

The nodule of balsam, having been too spherical in the 
fimt instance, will now gvadually sink, and must be re- 
peatedly tested under the microscope till the perfect hemir 
sphere is obtained, without any refraction being produced on 
the rays from the object in the centre. The criteria for 
knowing this are : — First, the object under the balsam must 
be in this same plane of focus as similar dry objects outside; 
secondly, the Imlsam object most not appear maffnified more 
than its uncovered fellows;' and thirdly, the balsam-covered 
object should not require a different adjustment from the dry 
ones on the same slide. The existence of these combined 
conditions indicate a p^fect hemisphere. 

When an object is seen under these circumstances, it at 
once shows the great increase of distinctness that is to be 
obtained in the structure of the more difficult Diatomaoeous 
tesU when they are thus viewed in Canada balsam, with the 
full aperture of the object-glass. Markings, which in the 
neighbouring dry obfects of the same character are scarcely 
discernible, are sharply and distinctly visible under the 
balsam hemisphere with the same illumination. 

The luminosity of the field of view around the balsam 
object is many shades darker than in the uncovered portion 
of the slide, which appearance is caused by the diminished 
angle or ome of rays of the illuminating pencil. From this 
fact it is evident that the theoretical perfection of mounting 
objects in this manner would be to enclose them exactly in 
the centre of a minute sphere of balsam. In this case the 
pencil of rays, both from the achromatic condenser and object- 
glass, would pass directly to the object without refraction or 
diminutilm ; but I must confess that I have not been success- 
ful in effecting this. It is very easy to form a sphere of 
balsam at the end of a needle-point of any required d^[ree 
of minuteness, but very difficult to coax an object into the 
centre of such a spherule. — F. H. Wenham. 



Micr— ••pica! Cwyw— ■■■!)■ — Few events have excited more 
interest amongst microscopical observers than two soirees, 
given by Mr. N. B. Ward, as Master of the Apothecaries' 
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Sociefy. Thoee .who have used the micmscope for many^ 
years in London will not have forgotten the pleasant reunions 
at Mr. Ward's house in Weliclose-square, when this imstru-* 
ment was in its infancy,, and when it required some courage 
to confront those who maintained that at best it was a toy; 
and its use a loss of time. The st)irees of March 7th and 
April 11th might well be regarded by Mr. Ward and his 
friends as a vindication of their early zeal, and a triumphant 
demonstration of the value and importance of the instrument 
whose first successes they had witnessed, and whose influence 
on human knowledge has more than realized their warmest 
anticipations. The rooms at the disposal of the Apothecaries^ 
Society were well adapted to entertain a large audience, and. 
perhaps in their history were never more gracefully employed 
than in presenting what has been effected by an instrum^it 
that has so largely contributed to the advancement of medical 
science. On each occasion the walls of the large hall 
were hung round with diagrams and drawings, exhibiting 
enlarged representations of various objects observed bj the 
microscope. They were arranged according as these wece 
from the mineral, vegetable, and animal kingdoms. Each 
kingdom was again subdivided into particular groups; and 
beneath these diagrams, on tables, were placed microscopes^ 
by which could be examined either the objects themselves 
which were represented, or others allied to them. On both 
occaJBions nearly one hundred microscopes were exhibited. 
All the best forms and the newest apparatus might be seen 
at work. Mr. Shadbolt, Mr. Brooke, Mr. Furze, and Mr. 
Wenham, were superintending their respective methods of 
illumination. The ingenious machine of Mr. Peters', de- 
scribed in the Transactions of the Microscopical Society, in 
the present number of our Journal, was exhibited at the. 
second soiree for the first time ; and writing produced upon 
glass which defied the highest powers of the best microscopes 
to decipher. Mr. Rainey and Professor Quekett exhibited a 
laige number of very beautifully injected specimens of animal 
tissues. Amongst a variety of other objects Mr. Rainey 
exhibited the curious glands in the frog*s skin, described by 
him in the present number of the Journal. Mr. Mummery, 
of Dover, to whom science is indebted for many valuable 
observations on marine animals, brought with him a quantity 
of living specimens, and thus enabled a large number of 
persons to witness, for the first time, the beautiful movements 
of the Cilio-brachiate Polyps, the currents in the Sponge, 
and other objects. Mr. Cook, the artist, whose Fern cases' 
are almost as celebrated as his pictures, exhibited a gfeat 
VOL. 111. X 
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variety of tpecimens of the fructification of Feme and Mosses. 
The same class of objects were exhibited bj Mr. Loddiges. 
Mr. Bowerbank exhibited a series of the anchor-like processes 
from the HolothuriadsB and Polyps. Mr. Varley exhibited 
Chara^ Valimeria, and living Animalcules. The Rev. J. Reade 
exhibited a series of crystallme bodies ; whilst Mr. Woodward 
threw a new light on eveiy object by his beautiful polarising 
apparatus. Plants, pictures, and objects of general interest 
crowded the tables; but these were rather the adornments 
than the substantial entertainment of the evening. Were we 
to give an account of all that was worth seeing, it would take 
up too large an amount of our space. We have felt ourselves 
justified in giving these soirees this notice, both on account 
of the respect we feel for the Master of the Apothecaries' 
Society, at whose suggestion these interesting soirees were 
arranged, and for the intrinsic benefit which must arise from 
presenting to the mind at one time so large a number of the 
facts which have been discovered by the aid of the micro- 
scope. We are glad to be able to add that the friends of 
Mr. Ward are raising a subscription for the purpose of pre^ 
senting his portrait to the Linnaean Society, to be placed 
Miongst the collection of portraits of distinguished naturalists 
in the meeting-room of that Society.— E. L. 



vummempm. — We announced in our last number that 
the Society of Arts had offered two prizes for cheap micro* 
•copes. From the following extract from the Report of the 
Committee of that Society it will be seen that it has succeeded 
in obtaining this desirable object : — 

^' The important position which the Microscope now holds, 
not only in relation to pure but to applied science, and its 
great value in assisting to form those habits of observation 
which it is the object of all sound education to impart, in- 
duced the Council to believe that the promoting the pro-* 
duction of a good instrument at a price which should render 
it more readily accessible to the many, was an object worthy 
of the Society ; and, accordingly, under the advice and with 
the assistance of a Committee, composed of Mr. Busk, F.RS. ; 
Dr. Carpenter, F.RJS. ; Mr. Jackson ; Dr. Lankester, F.RS. ; 
Mr. Quekett ; and Mr. W. W. Saunders, F.R.S., the follow- 
ing prizes were offered :— 

Vcft a Sehocil Mieroeecpe^ to be sold to the public at a price not exoeediiig 
lOi. 6d. — 2%6 Societi/'s M«dal. 

For a Teacher^a or Shtdent^s Mionmopey to be sold to the public at a 
price not exceeding dJ. Z$.-^The SocUhfi Medal 

The Council undertook to purchase 100 of the smaller, and 
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50 of the lai^er instruments for which the medals should be 
awarded, 

^^ The members will be glad to learn that for these prizes 
there hare been numerous competitors. After most careful 
examination of all the instruments by the Committee, thej 
unanimously reported to the Council that the instruments 
sent in by Messrs. Field and Co., of Birmingham, fulfilled 
all the conditions required, and the Council have, therefore, 
awarded to that firm the. medals offered, on Messrs. Field and 
Co. entering into the necessary undertakings to- comply with 
the requirements of the Prize List The Council congratulate 
the members on this result Those members who are desirous 
of securing any of these instruments, which will shortly be 
supplied to the Society by Messrs. Field, at a discount of 
10 per cent., should at once send in their names to the 
Secretary." — Excerpt Annual Report of the Council of the 
Society of Artt to the Members^ presented at the General Meet* 
try, June 13, 1855. 

Cm'* •pedes*' of Biatomace«. — In your Journal for January 
Professor Smith has made some valuable observations on what 
is a species among Diatomace«, in which he enforces the 
necessity of studying these beings in the recent state before 
one can decide on what ought to be reckoned distinct. This 
is the more necessary as it appears to me that neither size of 
the frustttles or distance of the striae are sufficient to distin* 
gnish species, unless we allow to each a very considerable 
range of variation. 

What are called ^* species " in Diatomacese may be viewed 
under a twofold aspect : — 1st. A species as it exists in nature, 
requiring a study of every state from the sporangium to the 
sporangium-bearing individual : 2nd. As serves the purposes 
of the microscopist, who gives names to every difference of 
form or size he observes that is not already figured., To the 
latter class may be referred most of Ehrenberg^s, Kiitzing^Si 
and Gregory's species ; and it would be preferable to indicate 
them by 1, 2, 3, &c., to giving joames to each, until Smith or 
some other naturalist can ascertain to what genuine species 
such forms may be referred. It is a natural species alone 
which is worthy of the attention of scientific men. 

A diatom increases in two different ways — by spcnnuigia, 
and by self'-division. The length of time before a diatom 
produces sporangia probably varies considerably in different 
genera, and even in different species, but seems ravely, if ever, 
to be less than three or four months. On the other hand the 
power of self -division, although supposed by some to belong 

x2 



SOK MEMORANDA. 

only to the mature frustule, seeing really to exist at a yetf 
early age, as soon indeed as a frustule is formed from the 
sporangium. Between the young state and the fully-formed 
or sporangia! one there must thus be a considerable difference 
in size ; and, as the number of frustules (the produce of one 
sporangium by self-division) increase in a geometrical pro* 
gression, we may always expect to find many more of the larger 
than we did a short time previously of the smaller size, in the 
same pool. All the frustules from the same sporangium 
exhibit probably nearly the same size at the same age ; but in 
the same locality other sporangia may have been deposited, so 
that we find the same species of different ages or sizes mixed 
together* The minimum and the maximum state is therefore 
one of the points that require to be decided on by naturalists 
before we can form a definite idea of any one species. 

The striae on the valves of a species requires also to be 
studied ; and here the question arises, is the distance between 
the striae, or their number in * 001 inch, constant ? or does 
the distance vary with the size of the valve, the number on 
the entire valve being constant, when the frustules are all the 
produce of the same sporangium ? So long as this remains un- 
determined by actual observation, it is of no use counting the 
number of striae in a given space, or of talking of any species 
being a test for object-lenses. Mr. SoUitt, of Hull, in giving 
the number of striae of Pleurosigma quadratum and angvlaium 
(Microscopical Journal, II., p. 62, when by jP. anguhtum he 
meant P. quadratum^ and by P. strigosum is meant P. angU'- 
latum of Smith), points out a considerable difference between 
the distance of the striae in small and large specimens, and* 
that they are more distant in the latter ; as however he does 
not give the exact length of the frustules, nor say that the 
valves were found in the same gathering, or if obtained from 
the same locality at some weeks' distance of time, no positive 
conclusions can be drawn from his measurements. So far as 
my own observations go, the number of striae in the entire 
valve is tolerably constant, whether small or large, when ob« 
tained at the same season and from the same locality ; and 
consequently the actual number in *001 in. is of less conse- 
quence than generally supposed, unless we multiply that 
number by the length of the valve. Smith's /3 and y of Pleu* 
rosigma Balticum seem to have nearly the same total number 
of striae, as in his a ; but the first is about half the size of y^ 
and the other about one-third ; so the striae in these ought to 
he from two . to three times closer than in a, and this agrees 
well with observation : these two, then^ cannot be considered 
in- the light.of varieiies oi a, but merely a younger state of the 



MEMORANDA. 309 

same diatom. Other instances might be mentioned in which 
the total number of striae is more constant than the number in 
*001 in. It is obvious that if the number in 001 in. be constant 
at all ages, we must allow that in passing from the youngest 
state to maturity the valves have the power of adding new 
striae as they grow larger, but whether these additions are at 
the extremities or at the centre no one has taken the trouble 
to investigate. It may be alleged that the new valves formed 
by the process of self-division acquire more numerous striae 
than before ; but while it is generally conceded that one of 
the old valves remain in each frustule, this explanation can 
scarcely be admitted, unless we are prepared also to allow 
that there may be a great dissimilarity in the striae between 
the two valves of the same frustules. If the total number of 
striae in the valves remain constant, we must suppose the striae 
to separate slightly as this valve enlarges ; and this supposi- 
tion appears to me more in accordance with observations 
hitherto recorded, although, no doubt, such observations have 
not been made directly in reference to this point. 

If the number of striae on the entire valve be found more 
constant than the number in a given space (and here some 
allowance must be made for the produce of different sporangia 
not being identically the same either in size at the same age, 
or in the precise number of striae to each valve), we may often 
have a criterion whereby to decide whether a frustule be the 
young state of a species or a distinct species or variety. I 
have alluded to the )8. and y of P. BaJticum not being 
entitled to rank as varieties, any more than a lamb is a distinct 
variety of a sheep ; but, on the other hand, if we examine 
Nitzschia dubia of Smith, we shall find not only that his fi 
is much smaller than the a, but that while the striae of a are 
difficult to be resolved by a i those in (i are readily made out, 
being more distant. The small state here has more distant 
striae than the large one, and although sometimes mixed in the 
same gathering cannot possibly be the young of the other ; it 
may form a peculiar variety, but my observations tend to 
aUow it the ralnk of a species, if indeed it do not belong to a 
different genus. 

Sufficient attention has not yet been paid to the sporangial 
state of *the diatoms; from the observations recorded by 
Thwaites, Smith, and others, different genera seem to follow 
different laws on the subject. In Navicula this state appears 
to be always accompanied by a great dilation of the frustule, 
and the formation of a strong line or band between the median 
line and the margin ; sometimes the new line is nearly straight 
and parallel to the median line except near the nodule, witli 
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Which it seems connected ; sometimet it is curved ; bat whether 
both structures occur in the same species, or are indicative of 
different species, no evidence has hitherto been adduced. 
Smith's figures 152a*, 154a, and 274a, may be taken as 
examples of the one, and 153a, 153a, and particularly 153a 
and 154a*, of the other. The striae appear, however, to pre*- 
serve nearly the same inclination to the new or intermediate 
lines which they did in the non-sporangial state to the median 
line; and hence the direction of the stris is not sufficient of 
itself to distinguish species, however good a character it may 
afford, unless regard be had to the peculiar state of the frustule. 

Perhaps I may be allowed here to remark that from the 
days of Linnseus it has been a maxim, although specimens be 
distributed or figures given with names, such names are held 
to be unpublished unless clear and precise specific and generic 
characters be given along with them ; and that he who gives 
such characters is not bound, except through courtesy, to 
adopt or refer to the names attached to new figures. The 
reason is obvious ; specimens or figures only exhibit one form 
of the species, and afford no information as to its limits, and 
consequently the same author may, from ignorance of the laws 
on which species are to be founded, give representations of 
several forms of the same species; such names, if all the 
forms were specifically distinct, may be good, but bad when 
they are to be united ; the describer or naturalist must, there- 
fore, not be hampered by the errors of the artist or microsoo- 
pist who preceded him. In Chrenberg^s Mikrogeologia, the 
most unphilosophical work ever published on Diatomaoeee, 
not one species, although supposed new, is characterized ; and 
unless one has samples of the same deposit he has depicted, 
it is quite impossible to guess with any degree of certainty 
what he intends, unless in some very rare instances. His 
Biblarium glam is readily seen, no doubt, to be the well- 
known Tetr(u:yclu9 lacustris^ of which Ehrenberg appears 
ignorant, and bis Synedra f henitcyclus to be Eunotia falx of 
Gregory, but few others can be so readily made out. In this 
respect Kutzing's works have an advantage over Ehrenberg's ; 
but in many cases Kiitzing merely derives his specific cha- 
racter from Ehrenberg's figures and not from the diatom 
itself, thus adding to the confusion. In the same way in your 
Journal are several papers by Dr. Gregory, accompanied with 
figures, but as no specific characters are assigned the figures 
lose their value, as no one is bound to adopt the names there 
given. 

In characterising specit.>s a great mistake has crept in of 
late years not otily as to diatoms, but as to flowering plants ; 
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a spedes is defined, and then we get fij y, 2, Jbc, noticed aa 
yarietiet, each with characters at variance with the charactes 
of the species. A genus must be characterized so as to 
include ^vety species referred to it ; and in the same vt^j a 
species must have a character that will include all its varieties 
or at least not exclude any one of them. No one has a right 
tp say which variety is the type of a species, when all may 
have arisen from the same original seed ; the primitive form 
may be ^ or c, or X, of that we are totally ignorant. All w^ 
can do is to arrange the varieties according to some arbitrary 
rule, and to define each, a as well as 0, or «• ; the peculiar 
character of a cannot be incorporated ^ith the diagnosis oji 
the species without doing violence to the other varieties, an4 
in fact separating them as distinct species, although the authpf 
ba# not had the courage to do so, from indeed feeling con* 
vinced they are not so. 

Although I consider the distance between the stri» iq 
depend considerably on the age and size of the frustule, I 
wish it to be distinctly understood that as yet we have not 
sufficient information whether the number of strise may nof 
also vary slightly in the same way* It is possible that both 
variations take place ; but until the law connecting them bii 
ascertained, ^11 attempts to derive specific characters from t\^fi 
striae are futile, if not injurious, to the science, unless Wf 
allow a very considerable range, so great indeed as to destroy 
the utility of such characters. If^ as some microscopists 
think, the stris are the walls, and dots the angles formed by 
the walls of minute compressed cellules, the surface of the 
valve of a diatom ought to be compared with the cuticle of a 
flowering-plant, which consists of cellular tissue so highly 
compressed that the upper and lower walls touch each other, 
leaving the lateral ones in the form of reticulating veins, these 
vein-like reticulations having a certain thickness as well as 
height: in viewing these by direct light, we see only the 
breadth of each line, while obliquely, or by oblique light, 
causing an oblique shadow or picture to enter the object-glass, 
we see also its height, and therefore a greater surface of the 
reticulating lines reaching the eye by oblique than by direct 
light, we see these lines more distinctly. If the strise of 
diatoms be formed in that way, we might easily understand 
that the ease of making them out does not depend on the 
distance from each other so much as on the breadth of the 
lines or dots in connexion with their elevadon ; and therefore, 
although the actual distance of such be the same, we mfij 
resolve some frustules of the samp species more easily ^an 
others. Diatomace^ are thus not so good tests for the micro- 
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scope aft supposed, unless the same slide be used by all 
obsWrers. — ^A, 



Om m new liMsUtr mf KicrMc«vic TMi-«is«etik — In a Smith- 
sonian memoir published in February, 1854,* I hare described 
and figured a species of Hyalodiiou from Halifax, Nova 
Scotia, which appeared to me to be admirably fitted for a 
test-object, inasmuch as its circular form, with radiant and 
curved lines of great tenuity proceeding in all directions, 
renders it unnecessary ever to change the position of the 
shell when in the field of view in order to secure the best 
possible direction of the light. Whatever its position, on 
account of the perfect symmetry of its form and markings, 
some portion must always be in the best possible position with 
reference to the oblique light used for its examination. Unfor- 
tunately, the Halifax specimens of this beautiful object 
appear to be quite rare, I am therefore happy to announce 
the discovery upon various Algae from Monterey, California, 
of an inexhaustible supply of a species of Hyalodiscus closely 
allied to the Halifax species, and answering equally well as a 
test-object. I find it so convenient as a test-object when 
bahamrmourded that I am sure it will find favour with lovers 
of the microscope, — Professor J. Bailet, in American 
Journal of Science and Arts. 



mitmtMemmSm, mm. FUes* Fe«t. — In^lliie Journal, Vol. iii., p. 230, 
Mr. Tyrrell, of Newcourt, remarks, " In confirmation of 
Mr. Hepworth and other naturalists, that the use of the 
cushions beset with hairs terminating in glands secreting a 
glutinous substance, is to attach the foot to the surface upon 
which the insect walks by means of such secretion, and not 
by suction, I would suggest that the hooks on the feet of flies 
are intended not to attach the Fly to anything, but to be used 
as fulcra, or props, which it can push against when it wishes 
to detach the cushions. Without the hook-shaped props, the 
Fly, when once gtuckjast^ must remain so," 

Mr. Tvrrell alludes to a paper in the previous Volume on 
the ^ Fly s Foot,' in which I state that this fluid is not essential 
for that purpose (of attaching the foot), and I speak of the 
tubules as suckers. My observations have led me to the fol- 
lowing conclusions : viz. : that the termination of each hair or 
tubule is a sucker, and the secretion is only to increase its 

♦ * Notes on New Species and Localities of Microscopical Organisms,^ 
hy J. W. Bailey, in * Smithsonian Contributions to Knowledge/ Vol. vii., 
p. 14. 
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power, on the same principle at that on which the boy wets 
his leather to attach it to a stone ; that the fluid is not of a 
glutinous nature, as it evaporates very rapidly, and I have not 
been able to detect anything on the glass afterwards, when 
the foot has been perfectly clean : that each sucker is under 
the influence of the will, and has either muscular fibres or 
other elastic tissue, which answers the same purpose (vide 
Professor A. Ecker's paper, Journal, Vol. ii., page 111). If 
the secretion were glutinous, and the foot were to be attached 
for some time (twenty or thirty minutes, as I have often seen 
it) to the same spot, it would get so firmly fixed, that if forci- 
bly raised by the leverage of the hooks, these exceedingly 
delicate structures would be destroyed. The DytiscuSy when 
under water, is able to hold himself so firmly on glass, as to 
require the weight of many pounds to overcome the power 
with which he is attached ; whereas when the glass is dry, 
there is no difficulty. I have seen a Fly (under the microscope 
feet upwards) make one foot the centre of, motion, and move 
the body so far round it, as to cause the leg to form a consi- 
derable angle (15 to 25 degrees). I conceive that, to overcome 
the adhesion, if- produced by a glutinous secretion, which is 
sufficient to fix the foot under these circumstances, it would 
require such an amount of power by means of leverage, as 
would readily tear through the delicate ends of the tubules. 
At other times, I have seen the insect so far loosen its hold, as 
to allow the flap (cushion) to drag along the glass, and refix it 
firmly, without lifting it*off the glass. The round portion of 
the flap of the blow-fly is about the 1-lOOth of an inch in 
diameter, which contains upwards of 6,000 suckers ; the trian- 
gular part, extending for attachment up to the leg, will be about 
a quarter more of that area: the flaps of one foot, then, will 
have 15,000 or 16,000 points of attachment Diagrams, Nos. 
1 and 2, are further illustrations of the same principle. No. 
1 — Hairs from the pad of the foot of a small Curculio beetle ; 
they expand into the form of a trumpet, and where the expan- 
sion commences they appear corrugated, and the corrugation 
is continued to their extremities ; the expanded parts are ex- 
tremely attenuated, so much so, as to require a high power 
and oblique light to make them out. These insects (not 
being aquatic) also secrete a fluid for the same purpose as the 
Fly : and I can imagine that if, after the ends have been at- 
tached and moistened, these folds could be put upon the stretch, 
thereby lengthening the tubes, and consequently having a 
tendency to produce a vacuum, they would form an excellent 
apparatus for attachment. 

No. 2 is the pad of a variety of Cymbex lutea, which has 
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No. 1. — Hairs of Curculio Beetle, a, a, a, ibaft of hsirj 
b, b, b, expanded ends. 400 diameters. 

No. 2. — Leg of Cymbex lutea. a, b, c, d, cushions at eacli 
joint 21 diameters. 

No. 3- — Enlarged view of c, showing hurs on the under 
surface. 110 diameters. 




John Hepworth, Cr^'s Bank, May 31, 185fi. 



•■ FiB(ien.~~Contributors to these Notes have suggested 
many successful conlrirances for indicating the exact position 
of an object in a slide, but they all involve an amount of 
complex airaDgement which is inconvenient in their practical 
application under a moderately-high power. A small, narrow 
ring, painted round the object on the surface of the thin glass 
cover with Prussian blue water-ccJour, will at last prove the 
most serviceable, because it can at once be seen, when in the 
field, without lUtering the focus, and more readily than a ring 



MfiMOEANDA. 



»15 



narked by a diamond, to which the focus must be first 
directed. A little practice will soon lead to dexterity in 
estimating the position of the object when the slide is on the 
stage, and in making a touch or a line of colour thereon as a 
gnide for the position of the ring ; the work can be examined 
under the microscope, and corrected and finished in any 
convenient position. A red ring painted outside the blue 
will render it more conspicuous, and assist observation when 
under the microscope ; the colour should be used rather thick, 
and the whole should have a slight protecting coat of gold size 
or varnish. As objects are mounted for other purposes than 
to furnish neatly the drawers of a cabinet, the facility in 
using slides thus permanently marked will outweigh the 
objections to the unsightly appearance. — J. H. 



nui4» Mi the Baiploraicni •€ ArtUclal SMipWatar ta SEwrtec 

—Early in the summer of last year I commenced some 
experiments on artificial sea-water, made according to the 
formula proposed by Mr. P. H. Gosse ; the ingredients in 
the proper proportions having been procured from Mr. Wm. 
Bolton, 146, Holbom Bars, London. In it I have successfully 
maintained alive the following marine productions : — 

AmKALS. 

Zoophytes, 

1. Glava multioornis. 

2. Hydractinia echinata. 

3. Actinia Mesembryaathemom. 



4. 
6. 
6. 
7. 
8. 
9. 
10. 



>» 



J9 
9* 
J9 
99 

» 



crasaicomis. 

bellis. 

paraaitica. 

Dianthus. 

anguicoma. 

olavata. 

Aurora. 

11. Anthea oereus. 

12. Garyophyllia Smithii. 

13. Sertularia polyzonlas. 

14. „ nlicala. 

15. „ pumila. 

16. Flnstra membranaoea. 

17. Bowerbankia imbricata. 

18. Yesicularia spinofla. 

Anndides, 

19. Serpula contortuplicata. 

20. M triquetra. 



21. Sabella 

t2. Terebella oonchil^a. 

23. Spio vulgaris. 

24. Nereis ? 

25. Pontobdella muricata. 



MoUtisca, 

26. Cynthia momus. 

27. Pecten opercalaria. 

28. Doris pilosa. 

29. „ tuberculata. 

30. Eolis coronata. 

31. Kucula cristata. 

32. Lamellaria perspicua. 

33. Nerita ? 

34. Littorina littorea. 

35. Risaoa ? 

36. Trochus zizyphinus. 

37. PiUTrara lapiflus. 

38. Chiton fiuciculariB and G. 

Uevis. 

Cirrhipedes, 

39. Balanus balanoidi». 

40. ? 



Vboxtation. 

41. Ulva latissima. 

42. Enteromorpha compressa. 
48. Cladopora ? 

44. Phyllopbora mbens. 
46. Bryopeis plumosa. 
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The only accommodation provided for the whole of the 
above is a series of glass jars and vases placed on shelves in 
the windows of an ordinary London dwelling-room, the largest 
glass not exceedinji^ three gallons capacity. It is not pre- 
tended, however, that those animals, which are notoriously 
short-lived in confinement (such for instance as Nos. 27 to 32) 
eveii under the most advantageous circumstances of space, had 
their existence more prolonged with me : I would merely state 
that I have met with no more difficulties with the artificial than 
with the actual sea-water, under the same conditions. Nos. 1^ 
(this is now in the gravid state represented in Johnston's 
Zoophytes, Plate 1), 2 and 16, made their appearance, spon- 
taneously as it were, on some empty shells and other debris 
placed in the water six months before, and which had not been 
changed during the whole of that period. Nos. 3, and 5 to 10, 
are very hardy with me, but No. 4 is in general precarious. 
Nos. 13, 14, 15 lived in a quart jar for three months, at the 
end of which time I disposed of them, after they had added 
hundreds of new cells to the polypidoms. Nos. 19, 20, 21 
added considerably to their tubes, the new portion being in- 
dicated in No. 20 by its superior whiteness, and the rate of 
increase being about a third of an inch in six months. On 
the 1st of May, I counted ten young of this species, the parents 
having been in my possession since September 4. Colonies of 
No. 23 are very vigorous and active, but I find that they have 
a period of rest from soon after midnight to about 4 or 5 p. m. 

Many of the ActinicB mentioned in the above list are the 
same individuals which I had at the commencement of my 
experiments, and most of them have brought forth young 
abundantly. The development of Nos. 16 (this especially), 
17, 18 have afforded me many weeks of most interesting ob- 
servation. In Nos. 39 and 40, I have noticed that frequently 
the cirrhi have began to play as quickly as ever, even after a 
period of inaction so long that I have supposed the animals to 
be dead. 

In the vegetation, I find that No. 42 is the most effective in 
the evolution of oxygen. No. 41 stands next. No. 44 is apt 
to decay if not placed in a shaded spot, but it is always inte- 
resting from the quantity of parasitic animals usually found 
upon it. 

I trust that these desultory observations, hastily thrown to- 
gether, but scrupulously containing nothing that I have not 
personally witnessed in my own collection, will have the effect 
of increasing the domestication of the interesting productions 
of our shores. — William Alfred Lloyd, 164, <&. John Street 
Boady Isitnfftany London^ June 6, 1855. 
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Mr. Sayobt, ^' On the DevehpmeiU of Muscular Fibre in Mam* 

maliaj* 

The aathor's observations were made chiefly upon foetal pigs ; but 
they have been confirmed by repeated examinations of the embryos 
of many other animals, and of the human foetus. 

If a portion of tissue immediately beneath tlie surface from the' 
dorsal region of a foetal pig, from one to two inches in length, be 
examined microscopically, there will be seen, besides blood-cor- 
puscles in various stages of development, nucleated cells and free 
nuclei or cytoblasts scattered through a clear and structureless 
blastema in great abundance. These cytoblasts vary in shape and 
size ; the smaller ones, which are by far the most numerous, being 
generally round, and the larger ones more or less oval. Their out-' 
line is distinct and well defined, and one or two nucleoli may be 
seen in their interior as small, bright, highly-refracting spots. The 
rest of their substance is either uniformly nebulous or faintly 
granular. 

The first stage in the development of striated muscular fibre con- 
sists in the aggregation and adhesion of the cytoblasts, and their 
investment by blastema so as to form elongated masses. In these 
clusters the nuclei have/ at first, no regular arrangement. Almost, 
if not quite as soon as the cytoblasts are thus aggregated, they 
become invested by the blastema, and this substance at the samef 
time appears to be much condensed, so that many of the nuclei 
become obscured. 

These nuclei, thus aggregated and invested, next assume a much 
more regular position. They fall into a single row with remarkable 
uniformity, and the surrounding substance at the same time grows 
clear and more transparent, and is arranged in the form of two 
bands bordering the fibre and bounding the extremities of the nuclei, 
so that now they become distinctly visible. They are oval, and 
form a single row in the centre of the fibre, closely packed together 
side by side, their long axes lying transversely, and their extremities 
bounded on either side by a thin, clear, pellucid border of apparently 
homogeneous substance. 

It is to be observed how closely the muscular fibres of mammalia 
at this period of their development resemble their permanent form 
in many insects. 

The fibres next increase in length and the nuclei separate. Small 
intervals appear between them. The spaces rapidly widen, until at 
last the nuclei lie at a very considerable distance apart. At the* 
same time the fibre strikingly decreases in diameter; for as the 
nuclei separate, the lateral Imnds fall in and ultimately coalesce. 
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This lengthening of the fibre and consequent separation of the 
nuclei is due to an increase of material, and not to a stretching of 
the fibre. 

Soon after the nuclei have separated some of them begin to 
decay. They increase in size ; their outline becomes indistinct ; a 
bright border appears immediately witiiin their mai^n ; their con« 
tents become decidedly granular ; their outline is broken and inter« 
rupted ; and presently an irregular cluster of granules Is all that 
remains, and tiiese soon disappear. 

It sometimes happens that the nuclei perish while in contact, 
before the fibre elongates ; but the subsequent changes are the same. 

The strisB generally first become vbible at this period, imme- 
diately within the margin of the fibre. 

The fibre is subsequently increased in size, and its development 
is continued by means of the surrounding cytoblasts. These attach 
themselves to its exterior, and then become invested by a layer of 
the surrounding blastema. Thus, as it were, nodes are formed at 
intervals on the surfiice of the fibre. These invested nuclei are at 
first readily detached, but they soon become intimately connected 
and indefinitely blended with the exterior of the fibre. All its cha- 
racters are soon acquired ; the nuclei at the same time gradually 
sink into its substance, and an ill-defined elevation, which soon dis- 
appears, b all that remains. 

Lastly, the substance of the fibre becomes contracted and oon« 
densed. The diameter of a fibre towards, or at the dose of intra- 
uterine life, is considerably less than at a much earlier period. 

At the period of birth muscular fibres vary much in size. 

The several stages in the development of muscular fibre, above 
mentioned, do not succeed each other as a simple consecutive series ; 
on the contrary, two, or more, are generally progpressing at the same 
time. J^OT does each commence at the same period in all cases. 



Stoke Newiwoton Natural History and Scientific Sociktv. 

April 24, 1855. 

A paper was read by Mr. Richard Moreland, jun., < On the pro* 
bable Structure of the Starch Granule.' * 

After pointing out the extensive occurrence of starch in the 
vegetable kingdom, and its importance in an economical point of 
view, and adverting to its chemical properties, the author proceeds to 
discuss the structure of the g^n itself. He illustrates his views 
on this point by reference to the form of starch termed * tons les 
mois arrowroot,' the large grains of which are particularly fitted for 
observation. 

Noticing the views of Leuwenhoek, Bastail, Fritzsche, Schleiden, 

* This paper, aooompanied with elaborate figures, has been forwarded 
to us for insertion ; its length, however, renders this impossible, and we 
have been compelled to content ourselves with the above abstract of Mr. 
Moreland's views. — Editors of Quarterly Jonrasl of Microsoopicsl S<»enoe. 
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Martin, Ac, Mr. Moreland declares himself in favour of those who 
conceive with Schleiden and others, that the starch granule is con- 
stituted of successive layers or lamince, inserted one within the other, 
and whose edges are represented by the concentric markings seen 
on the surftu^ of the grain. He advocates, in fiict, the view pro- 
pounded in d late number of the * Quarterly Journal of Micro- 
scopical Science,' by Professor AUman. 

The principal additional argument relied upon by Mr. Moreland 
in support of this opinion, appears to be derived from the use of 
polarized light in the examination of the grain, whilst undergoing 
solution in sulphuric acid. Observing that the crop of pc^arizatioD 
continues to be well defined after the dissolution, or, as be terms it, 
the disintegration of what he regards as the outer layers by the action 
of the acid, he conceives that this circumstance is sufficient to indi* 
cate that the gprain is constituted of a succession of such laminae of 
like consbtence throughout. 

He also notices the effect of chloride of zinc upon the starch 
grain, which, he says, *^ instead of disintegrating the vesicle, causes 
it to expand slowly in the form of a thin membrane." 

The paper concludes in nearly the following words : — 

^ That all starch granules, which exhibit elliptical or striated 
fliarkings, and are also capable of polarizing light, are composed of 
a series of vesicles (hollow ellipsoids), any deviation from this form 
being produced by circumstances attending their formation. These 
vesicles are thicker at that extremity of the granule from which 
they receive their sustenance [addition to their substance], conse- 
quently the nucleus is situated at the opposite extremity. The gra- 
nules are attached to the cell- wall by that extremity which is 
fiirthest from the nucleus ; the thickness of the vesicles being indi- 
cated by the distances between the markings. They are, moreover, 
enclosed one within the other, and it may be proved [the author 
conceives] by sound reason and observation that these vesicles are 
deposited and formed upon the exterior surface of the one previously 
exbting, and that each vesicle, upon its final development, is a hard, 
colourless, transparent, homogeneous substance, all being chemically 
and physically identical, save that a portion of any foreign substance 
may be deposited with any of the vesicles," Ac. 
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Claas. POLYZOA. 

Order I. P. infukdibulata. 

Sub-order 1. Gheilostoxata. 

$ 1. Ardculata. 
§§ 2. Bi-multiseruJaria. 

Fam. Salioornabiadjb, Busk. 

Gen. Onchopora, n. sp., Busk (*OyKos). 
Cells ventrioofie, ooalettoent ; not bordered by a raked margin. Ovicells 
inoonfipicnous. 

1. 0. JUrmkt, n. sp. ? Bnsk. PI. IH. 

A long jointed corneous tube arising on each side on the front and upper 
part of the cell ; a raised median pore, below the mouth, which is produced 
and subtubular. 

? CeUaria hirmtck^ Lamx. Hist, des Polyp, cor., p. 126. PI. II.^ 

fig. 4, a, B. 
Hab. New Zealand. Dr. Lyall. 

The outward aspect of this species so closely resembles that of C. hir^ 
«uto, Lamx., that, notwithstanding the apparent differences in the minuter 
details, so far as ^ey can be ascertained from the imperfect figure above 
cited, I am strongly inclined to regard them as most probably identical. 
The polyzoary forms small tufts, constituted of short truncated intemodes, 
united by a single large corneous tube, and having a hairy aspect from 
the curious, jointed corneous tubes springing from each side of the cell. 
The little median pore sometimes appears like a very minute avicularium, 
but it is by no means clear that it is an organ of that kind. The corneous 
tubes are clearly not vibracula ; and as the perfect ones are closed at the 
end, and free, they do not seem to be of the nature of radical tubes, such 
as exist, for instance, in Cauda arachnoidea, 

2. 0, tiihtdosa, n. s.. Busk. PL lY., fig. 1. 

Mouth of cell — very much produced, tubular ; a median pore in front 
of the cell. 
Hab. ^geanSea. E.Forbes. 

The much-produced tubular prolongation of the mouth in this species, 
at the end of which there is no indication of a moveable lip, might at first 
sight lead to the supposition that this form belongs to the second sub- 
order of the Polyzoa ; but further examination, and especially where the 
tubular portion may be partially broken off, will detect the lip, at the 
bottom of the tube, in the usual situation. The absence of the corneous 
tubes at once suffices to distinguish this from the preceding species, from 
which it also differs very widely in external aspect. The polyzoary is not 
constituted, as in that case, of short intemodes, arising from each other in 
a dichotomous arrangement, but is formed of cylindrical branches some- 
times an inch or more in length, from which others arise at irregular 
distances, and nearly at right angles, to that from which they spring, and 
to which they are articulated, not by a single, wide oorneous tube, but by 
a bundle of smaller tubes, in number corresponding to the initial cells of 
the new branch. It may be supposed to l^ar some resemblance to the 
CeUaria cereoides of Ellis and Solander (PI. V., fig. 6, A, B, C, D, E) ; 
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and perhaps may represent a variety of the same species, which is also 
stated to come from tne Mediterranean. 

8. 0. muticay n. sp., Bnsk. PL IV., figs. 2, 3. 

Month plain ; crescentrio above, with a straight inferior margin. 

' Hab. Philippine Islands ? or Australia? 

A minute form, sufficiently distinguished from its congeners by the 
above character. The polyzoary is constituted of short intemodes, con- 
nected by a flexible homy tube. The only specimen I have is veir small, 
and it is constituted of short intemodes, composed of 8 or 10 cells. Its 
habitat is doubtfal, but I believe it to be one or other of those above 
assigned. It is growing on a fragment of coral. 

Some apology is requisite for the proposal of a new generic 
term, to a form which has probably been long known under 
another name ; but in the present case it appeared justifiable, 
from the consideration that the term Cellaria^ which is the 
only one that could have been taken, has been understood in 
so many senses ; and that the species at different times in- 
cluded under it have been so frequently subdivided into other 
groups, as to render its continued use likely to produce much 
confusion. 

The species having articulated polyzoaries composed of 
cylindricsd intemodes, in which the cells are disposed around 
an imaginary axis, were originally confounded by Pallas under 
his genus Cellularia^ and by Solander under that of Cellaria^ 
with many others, not possessing that peculiar characteristic. 
The term Cellaria^ however, was subsequently restricted by 
Lamourouz to those polyzoaries, which had cylindrical 
branches, or rather in which the cells were disposed around 
a central axis ; but as this restricted sense of the term has not 
been adopted by many subsequent writers, nor especially by 
Lamarck, and as it has long since ceased to be applied to the 
genus Salicomaria^ it seems as well perhaps to dispense with 
it altogether. 

Other forms again have been confounded under the same 
term Cellaria by several writers, among whom may be noticed 
Reuss, in his account of the fossil polyzoa of the Vienna 
tertiaries, who includes under it Vincularia^ Defrance {Glau- 
conama^ Goldfuss). Whilst Hagenow, on the other hand 
(Die Bryoz d. Maastrich, Kneidebildung), adopts Vincularia 
and ignores Cellaria, In Vincularia^ proper, however, the 
polyzoary is continuous throughout, and not subdivided into 
intemodes by flexible joints ; so that there appears to be no 
reason whatever for associating the two. 

The following fossil forms might be«referred to the genus 
Onchapora ; and it would appear that no species belonging to 
it occur in formations anterior to the tertiary, unless the 

VOL. HI. Y — z 
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Ceriopora oculata, Goldf. (Petref. Germ., PI. LXIV., fig. 14, 
p. 217), from the transition limestone, may be included 
in it. 

CeUaria duplicata, Reuss, 1. c, p. 62, T. vii., fig. 84. 
„ labroBay Reuss, 1. c, p. 63, T. vii., fig. 35. 
„ Michdinif Reuss* 1. c^, p. 61, T. viii., figs. 1 and 2. 

( Vincularia fragUis f Defranoe), also in the Paris basin 
(Michebn, p. 46). 
„ coronata, Reuss, I. c, p. 62, T. viii., fig. 3. 
„ icrohiculata, Reuss, 1. c, p. 63, T. viii., fig. 4. 
„ Sckreibersi, Reuss, I. c, p. 63, T. viii., fig. 8. 
„ Sdueri^ Reuss, 1. c, p. 63, T. viii., fig. 9. 
., stenosticha, Reuss, I. o., p. 64, T. viii., fig. 10. 

We have here also given the figures of a species at Eschartij 
which would seem to correspond very closely with the Mille^ 
pora cervicomia of Ellis and Solander, or with the EscJuira 
cervicomis of Lamarck (An. s. Vert., 2nd ed., t. ii., p. 267), 
though not to that described by M. Edwards (Stir les Eaehares, 
p. 15, PI. L and PI. II., fig. 1), under the same name, from 
which it is undoubtedly different, as it is aUo from the 
E. cervicomU in the British Museum Catalogue. Neither 
does it correspond with the E. arojcilis of Milne-Edwards. 
From the former it differs widely in the shape of the mouth, 
and in its tubular projection, and from the latter in the 
absence of the median pore, and of punctation of the surface 
of the cells. 

But as I have not been able to refer to Marsigli's figure 
(Hist de la Mer., tab. xsjdi., fig. 152), with which Ellis and 
Solander^s Millepora cervicomU is said exactly to agree, I find 
it impossible at present to come to a definite conclusion in 
the matter. 

Provisionally, it would seem right to regard the present 
form as the true Millepora (Eschara) cervicomis of Ellis and 
Solander, and it might be thus characterized : — 

E. cervicomis, Solander. PI. IV., figs, 4, 5, 6. 

E. ramosa, ramis subcylindraceis per angustis ; osculis prohiinalis tubu- 
losis ; labio inferiori, medib denticulate. 

Hab. ^gean Sea. E. Forbes. 

The polyzoary is composed of slender, cylindrical branches, 
in the older and thicker parts of which the cells become 
deeply immersed, and the mouth appears like a raised nipple, 
but within it may always be perceived the median denticle on 
the lower lip. 
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DESCRIPTION OF PLATE V. 

Illustrating Mrs. Herbert Thomas's Paper on Cosmarium 

margaritiferum. 

Figs. 1 to 3dy illustrating various stages in the growth and development 

of Cimnarium margaritiferwin. 
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DESCRIPTION OF FIGURES. 

Plate III. 

1. — Portion of polyzoary of Onchopora hirstUa in the younger condition. 

2. — ^Ditto, older. 

8, 4y 5. — ^Disposition of the cells at an articulation. 

6. — ^Natural size. 

Plate IV. 

1. — Portion of polyzoary of Onchopora tuhdosa, 

1 (a), — Natural size. 

2, 3. — 0. mutica, 

3 (a). — Natural size. 

4. — E9chara cervicomia t in the younger part- of the polyzoary. 

5. — An older portion. 

6. — One still older, in which the cells are quite immersed. 

7. — ^Natural size. 
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DESCRIPTION OF PLATE XL 

Illustrating Mr. Rainey's paper on the Structure of the 

Cutaneous Follicles of the Toad. 

Kg. 
1. — Skin of toad injected, allowing cntaneous capillaries. 

2. — Opposite side of the same piece of skin, showing one of the cutaneous 
follicles. 

3. — ^A vertical section of the skin, showing some follicles cut perpendi- 
cular to the surface. 

a. One cut at its middle, where it communicates with the 

surface. 

b. 5. Follicles cut on one side of their centre. 

c. A layer of earthy matter lying over the follicle, hetween it 

and the surface. 

These three are magnified 20 diameters. 

4.— Horizontal section of a follicle, showing the folds of internal mem- 
hrane. 

a. The layer of capillaries. 

h. Internal memhrane. 

c. Epithelium covering the follicles of the internal memhrane. 

Magnified 50 diameters. 

5. — A. Deep portion of the epidermis, showing the form of the epidermic 
scales, and the clear, homogeneous nuclei. 

B. Epithelium of a cutaneous follicle, showing the character of the 
epithelic cells and the granular nuclei, with some of the 
granular contents of the follicle. 

Magnified 300 diameters. 



DESCRIPTION OP PLATE XII. 

Illustrating Mr. Carrey's paper on the reproductive organs of 

Fungi. 

Fig. 

1. — A peritheciam of the splueropsoid form of Sphoeria herharttm with 
its mycelium, attached to a fragment of the cuticle of a dead stem 
of SMecio JacoboBa, magnified about 110 diameters. 

2. — Transverse section (magnified 110 diameters) of a similar perithecium, 
showing the spermatia in its interior. The knotty myoelimn is 
still attached. 

3. — Reproductive eemnue, or oonidia, which grow directly from the 
myoeUum oiSphcerka herharum^ magnified 220 diameters. 

4. — An ascus and sporidia of S^>hceria kerbarum. The sporidia have 
germinated in the interior of the ascus, and have brdsen through 
Sie membrane. Magnified 220 diameters. 

S and 6. — Grermioathig sporidia of l^haria herharum. In fig. 6 are seen 
globular vesicles at the extremity of short lateral bnuMshes. Mag- 
nified 220 diameters. 

7. — ^Fragment of a germ-filameut of a sporidium of SpJusria herbarum. 
At the extremity of a short lateral branch a nucleus has been 
formed, and a fresh germ-filament thrown out. 

8. — ^A germinating sporidium of SpTueria ?ierbaru7Hf showing the forma- 
tion of a lateral bud similar to those shown in fig. 3. l^kgnified 
220 diameters. 

9. — Asci and sporidia of Spharia herbarum^ magnified 220 diameters. 

10. — Ascus and sporidia pf Sphceria (oomplanaia f), magnified 220 dia- 
meters. 

11. — One out of a number of similar bodies found in the interior of the 
perithecia of SpJitBria oompUvnaUk^ magnified 220 diameters. 

12. — Toung states of asd of Spharia Chyptotporii^ magnified 220 diameters. 

18. — (a\ perfect asci, with sporidia of Sphcaria Crffpioeponi, (b\ a spo- 
ridium from one of the asd. (e), a very young ascus. {d), an 
ascus rather more advanced, (e), the most common form of spore 
of Cryptoaporium vtdgare. (/), another form of spore of the 
same plant. All magnified 220 diameters. 

14. — Asci and sporidia of Sphoeria found growing with OfyptoBporium 
wdgare^ magnified 220 diameters. 
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PLATES XIII. AND XIV. 

Figures illustrating Mr. J. Glaisher's Paper on Snow 

Crystals. 

Figs. 14 and 19 are not referred to in the paper : on these Mr. Glaisher 
adds the following notes : — 

Pig. 14. — On February 8th, the mean reading of the barometer at the 
height of 82 feet above the sea was 29*730 inches : the highest reading of 
the thermometer during the day was 32°, the lowest was 27F, and the 
mean temperature for the whole day was 30'', being &* below the average 
of the same day. The temperature of the dew point was 29°. Snow was 
falling the whole of the day, with scarcely any intermission. 

Fig. 19. — On February llth, the mean reading of the barometer at the 
height of 82 feet was 29*880 inches: the highest reading of the ther- 
mometer diuiug the day was 33 i°, the lowest was 22% and the mean for 
the whole day was 254°, being 13J° below the average for the day. The 
mean temperature of the dew point was 194°. The sky was overcast till 
noon, and snow was falling occasionally. 
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